OTIC  FILE  CORY  ADA  12  3  726 


AFWAL-TR-82-308 1 
VOLUME  II 


PROPOSED  MIL  STANDARD  AND  HANDBOOK 
OF  AIR  VEHICLES 

Volume  II:  Proposed  MIL  Handbook 


Roger  H.  Hoh 
David  G.  Mitchell 
Irving  L.  Ashkenas 
Richard  H.  Klein 
Robert  K.  Heffley 

Systems  Technology,  Inc. 
Hawthorne,  CA  90250 


FLYING  QUALITIES 


John  Hodgkinson 

McDonnell  Aircraft  Co. 
St.  Louis,  MO  63166 


November  1982 


TECHNICAL  REPORT  AFWAL-TR-82-308 1  VOL.  II 
Final  Report  —  April  1980  to  July  1982 


Approved  for  Public  Release;  Distribution  Unlimited 


FLIGHT  DYNAMICS  LABORATORY 
AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO 


DTIC 


SELECTE 
JAN  2  41983 


E 


NOTICE 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  in  connection  with  a  definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the  Government 
may  have  formulated,  furnished,  or  in  any  way  supplied  the  said  drawings, 
specifications,  or  other  data,  is  not  to  be  regarded  by  implication  or 
otherwise  as  in  any  manner  licensing  the  holder  or  any  other  person  or 
corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or 
sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 

This  report  is  published  to  elicit  comments,  and  suggestions,  for  adopting 
or  revising  the  material  which  the  Government  will  incorporate  into  an 
official  MIL  Standard  and  Handbook.  As  it  stands,  the  material  is  preliminary 
and  occasionally  controversial,  does  not  in  all  cases  represent  the  views  of 
the  Government  or  a  particular  Government  organization,  and  should  not  be  used 
for  procurement.  This  report  does  not  reflect  our  work  in  progress  on  flying 
qualities  requirements  for  large  airplanes,  direct  force  controllers  or  STOL 
aircraft . 

This  report  has  been  reviewed  by  the  Office  of  Public  Affairs  (ASD/PA)  and 
is  releasable  to  the  National  Technical  Information  Service  (NTIS) .  At  NTIS, 
it  will  be  available  to  the  general  public,  including  foreign  nations. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 


STANLEY  (K  FULLER,  Captain,  USAF 
Project  Engineer 
Control  Dynamics  Branch 


FOR  THE  COMMANDER 

— _ 

ERNEST  F.  MOORE,  Colonel,  USAF 

Chief,  Flight  Control  Division 
Flight  Dynamics  Laboratory 


RONALD  0.  ANDERSON,  Chief 
Control  Dynamics  Branch 
Flight  Control  Division 


If  your  address  has  changed,  if  you  wish  to  be  removed  from  our  mailing 
list  or  if  the  addressee  is  no  longer  employed  by  your  organization,  please 
notify  AFWAL/FIGC,  Wright-Patterson  AFB,  OH  45433  to  help  us  maintain  a 
current  mailing  list. 

Copies  of  this  report  should  not  be  returned  unless  return  is  required  by 
security  considerations,  contractual  obligations  or  notice  on  a  specific 
document . 


Unclassified 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dmte  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

AFWAL-TR-82- 3081 ,  VOLUME  II 

2.  GOVT  ACCESSION  NO. 

l mSM 

S.»RECIP|ENT*S  CATALOG  NUMBER 

*.  TITLE  (and  Subtitle) 

PROPOSED  MIL  STANDARD  AND  HANDBOOK  — 

FLYING  QUALITIES  OF  AIR  VEHICLES 

Volume  II:  Proposed  MIL  Handbook 

5.  TYPE  OF  REPORT  ft  PERIOD  COVERED 

Final  Report 

April  1980  -  July  1982 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  authorc*; 

Roger  H.  Hoh  Richard  H.  Klein 

David  G.  Mitchell  Robert  K.  Heffley 

Irving  L.  Ashkenas  John  Hodgkinson 

ft.  CONTRACT  OR  GRANT  NUMBERS) 

F33615  -  80  -  C  -  3604 

9.  performing  organization  name  and  address 

Systems  Technology,  Incorporated 

13766  South  Hawthorne  Boulevard 

Hawthorne,  California  90250 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  ft  WORK  UNIT  NUMBERS 

Program  Element  61102 F  . 

Project  2403  Task  05 

Work  Unit  40 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Flying  Qualities  Group  AFWAL/FIGC 

Air  Force  Wright  Aeronautical  Laboratories,  AFSC 
Wright-Patterson  AFB,  OH  45433 

M2.  REPORT  DATE 

November  1982 

'3.  NUMBER  OF  PAGES 

900 

M.  MONITORING  AGENCY  NAME  6  ADDRESSfU  different  trom  Controlling  Office) 

is  SECURITY  CLASS.  ( ot  this  report) 

Unclassified 

15a.  DECLASSIFICATION/ DOWN  GRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  fol  f hi.  Report ) 


Approved  for  Public  Release;  Distribution  Unlimited 


17.  DISTRIBUTION  STATEMENT  (of  the  abstract  entered  in  Block  20,  If  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

The  McDonnell  Aircraft  Company  acted  in  a  consulting  role 
during  this  development. 

19.  KEY  WORDS  (Continue  on  reverse  aide  if  necessary  and  identify  by  block  number) 


Flying  Qualities  Airplane  Design  Criteria  Military  Specification 

Aircraft  Pilot-Vehicle  Interface  MIL  Standard 

Design  Criteria  MIL-F-8785  MIL  Handbook 

20.  ABSTRACT  (Continue  on  reverse  side  it  necessary  and  identify  by  block  number) 

MIL-F-8785C,  "Military  Specification,  Flying  Qualities  of  Piloted  Airplanes", 
has  been  revised  into  a  MIL  Standard  and  supporting  Handbook.  This  report  is  a 
proposed  version  of  the  MIL  Standard  and  Handbook  developed  by  Systems  Tech¬ 
nology,  Inc. ,  with  the  McDonnell  Aircraft  Co.  acting  in  a  consulting  role.  This 
report  is  published  to  elicit  comments,  and  suggestions,  for  adopting  or  re¬ 
vising  the  material  which  the  Government  will  incorporate  into  an  official  MIL 
Standard  and  Handbook.  As  it  stands,  the  material  is  preliminary  and 

DD  t  JAN  73  1473  EDITION  OF  I  NOV  6S  is  obsolete  Unclassified 

SECURITY  CLASSIFICATION  OF  THIS  PACE  flWien  Del*  Entered) 


Unclassified 

SECURITY  CLASSIFICATION  OF  THIS  PAOEflWin  P«t«  Bntrnnd) 

occasionally  controversial,  does  not  in  all  cases  represent  the  views  of  the 
Government  or  a  particular  government  organization,  and  should  not  be  used  for 
procurement.  This  work  does  not  reflect  our  work  in  progress  on  flying  quali¬ 
ties  requirements  for  large  airplanes,  direct  force  controllers  or  STOL  air¬ 
craft. 


Unclassified 


SECURITY  CLASSIFICATION  OF  this  RAGEr>Wl»n  Dmtm  Enl»r*d) 


FOREWORD 


The  work  reported  herein  was  performed  during  the  period  from  April 
1980  to  July  1982  under  Contract  F33615-80-C-3604  from  the  Air  Force 
Wright  Aeronautical  Laboratories,  Air  Force  Systems  Command.  Lieutenant 
Robert  B.  Crombie  was  the  initial  project  engineer.  This  responsibility 
was  later  transferred  to  Captain  Stanley  G.  Fuller.  This  work  was  com¬ 
pleted  under  Program  Element  61102F,  Project  2403,  Task  05,  and  Work 
Unit  40.  The  STI  technical  director  was  Mr.  Irving  L.  Ashkenas. 
Mr.  Roger  H.  Hoh  served  as  STI  project  engineer. 

The  authors  wish  to  express  their  gratitude  to  the  many  reviewers  in 
industry  and  government  who  offered  beneficial  comments  on  various  por¬ 
tions  of  this  report.  Special  thanks  are  extended  to  Messrs.  David  J. 
Moorhouse  and  Robert  J.  Woodcock  of  AFWAL  for  their  significant  contrib¬ 
utions. 

We  wish  also  to  thank  our  co-workers  at  both  STI  and  McDonnell  Air¬ 
craft  Company  for  their  support. 

Finally,  appreciation  '  extended  to  the  STI  Editorial  Department, 
and  especially  Mss.  Linda  >:fman  and  Kay  Wade  and  Mr.  Charles  Reaber, 
for  their  outstanding  work  in  all  phases  of  production  of  this  report. 


ill 


TABLE  OF  CONTENTS 


SECTION 


INTRODUCTION 


1.  SCOPE  AND  OPERATIONAL  OBJECTIVES 


1 . 1  SCOPE 

1.2  APPLICATION 

1.3  AIRCRAFT  CLASSIFICATION  AND  OPERATIONAL  MISSIONS 

1.4  FLIGHT  PHASE  CATEGORIES 

1.5  FLIGHT  ENVELOPES 

1.5.1  Operational  Flight  Envelopes 

1.5.2  Service  Flight  Envelopes 

1.5.3  Permissible  Flight  Envelopes 

1.6  STATE  OF  THE  AIRCRAFT 

1.6.1  Aircraft  Normal  States 

1.6.2  Aircraft  Failure  States 

1.6.3  Aircraft  Special  Failure  States 

1.7  LEVELS  OF  FLYING  QUALITIES 

2.  APPLICABLE  DOCUMENTS 

3.  REQUIREMENTS 

3.1  GENERAL  REQUIREMENTS 

3.1.1  Loadings 

3.1.2  Moments  and  Products  of  Inertia 

3.1.3  External  Stores 

3.1.4  Configurations 

3.1.5  Allowable  Levels  for  Aircraft 
Normal  States 

3. 1.5.1  Within  Operational  Flight 
Envelopes 

3. 1.5. 2  Within  Service  Flight  Envelopes 

3. 1.5. 3  Within  Permissible  Flight 
Envelopes 

3. 1.5.4  For  ground  operation 


1 


V 


tariji  OF  CONTENTS  (Continued) 


SECTION  PAGE 

3.1.6  Allowable  Levels  for  Aircraft 

Failure  States  61 

3. 1.6.1  Probability  calculations  63 

3. 1.6. 2  Generic  failure  analysis  73 

3.1.7  Dangerous  Flight  Conditions  75 

3. 1.7.1  Warning  and  indication  75 

3. 1.7. 2  Devices  for  indication,  warning, 

prevention,  recovery  75 

3.1.8  Interpretation  of  Subjective  Requirements  77 

3.1.9  Interpretation  of  Quantitative  Requirements  79 

3.1.10  Quality  Assurance  84 

3.1.10.1  Compliance  demonstration  84 

3.1.10.2  Design  and  test  conditions  89 

3.2  HANDLING  QUALITY  REQUIREMENTS  FOR  PITCH  AXIS  96 

3.2.1  Pitch  Attitude  Response  to  Pitch  Controller  96 

3. 2. 1.1  Pitch  axis  lower-order  equivalent 

systems  requirements  97 

3.2. 1.2  Pitch  axis  bandwidth 

requirements  165 

3.2.2  Pilot-Induced  Pitch  Oscillations  183 

3.2.2. 1  Pilot-induced  pitch  oscillations 

due  to  phase  lag  184 

3. 2. 2. 2  Pilot-induced  pitch  oscillations  — 

qualitative  requirement  191 

3.2.3  Residual  Pitch  Oscillations  195 

3.2.4  Vertical  Acceleration  at  Pilot  Station  198 

3.2.5  Pitch  Axis  Response  to  Secondary  Controllers  199 

3.2.6  [Reserved] 

3.2.7  Pitch  Axis  Response  to  Other  Inputs  200 

3.2.7. 1  Pitch  axis  response  to  auxiliary 

controls  200 

3.2. 7.2  Pitch  axis  response  to  failures  201 

3. 2. 7. 3  Pitch  axis  response  to  configuration 

or  control  mode  change  204 

3. 2. 7. 4  Pitch  axis  response  to  stores 

release  206 

3. 2. 7. 5  Pitch  axis  response  to  armament 

delivery  208 

3. 2. 7. 6  Buffet  210 


vi 


1 


TABLE  OF  OONTKNTS  (Continued) 

SECTION 


PAGE 


3.2.8  Pitch  Axis  Control  Power  214 


t 

3. 2. 8.1 

Pitch  axis 

control  power  in 

f 

unaccelerated  flight 

214 

j 

3. 2. 8. 2 

Pitch  axis 

control  power  in 

s 

maneuvering  flight 

216 

3. 2. 8. 3 

Pitch  axis 

control  power  in 

[ 

takeoff 

218 

f 

3. 2. 8. 4 

Pitch  axis 

control  power  in 

1 

E 

landing 

222 

3. 2. 8. 5 

Pitch  axis 

control  power  for 

other  conditions 

224 

3.2.9  Pitch  Axis  Control 

Forces 

226 

3.2.9. 1 

Pitch  axis 

control  forces  — 

steady-state  control  force  per  g 

232 

3. 2. 9. 2 

Pitch  axis 

control  forces  — 

transient 

control  force  per  g 

253 

3. 2. 9. 3 

Pitch  axis 

control  forces  —  control 

force  variations  during  rapid 

speed  changes 

264 

3. 2. 9. 4 

Pitch  axis 

control  forces  —  control 

force  vs. 

control  deflection 

266 

■i 

3. 2. 9. 4.1 

Steady-state  control  force/ 

deflection  gradient 

266 

. 

3. 2. 9. 4. 2 

Transient  control  force 

vs.  deflection 

275 

3. 2. 9. 5 

Pitch  axis 

control  forces  —  control 

centering 

and  breakout  forces 

278 

3. 2. 9. 6 

Pitch  axis 

control  forces  — 

free  play 

280 

3. 2. 9. 7 

Pitch  axis 

control  force  limits 

282 

3. 2. 9. 7.1 

Pitch  axis  control  force 

limits  —  takeoff 

282 

3. 2. 9. 7. 2 

Pitch  axis  control  force 

limits  —  landing 

285 

■ 

3. 2. 9. 7. 3 

Pitch  axis  control  force 

limits  —  dives 

287 

3. 2. 9. 7. 4 

Pitch  axis  control  force 

limits  —  sideslips 

290 

3. 2. 9. 7. 5 

[Reserved] 

3. 2. 9. 7. 6 

Pitch  axis  control  force 

' 

limits  —  failures 

292 

3. 2. 9. 7. 7 

Pitch  axis  control  force 

limits  —  configuration  or 

control  mode  change 

294 

vii 


A.. 


TABLE  OF  CONTENTS  (Continued) 


SECTION  PAGE 

3. 2. 9. 8  Pitch  axis  trim  systems  296 

3. 2. 9. 8.1  Pitch  axis  trim  systems  — 

rate  of  operation  298 

3. 2. 9. 8. 2  Pitch  axis  trim  systems  — 

stalling  of  trim  systems  300 

3. 2. 9. 8. 3  Pitch  axis  trim  systems  — 

irreversibility  303 

3.2.10  Pitch  Axis  Control  Displacements  305 

3.2.10.1  Pitch  axis  control  displacements  — 

takeoff  305 

3.2.10.2  Pitch  axis  control  displacements  — 

maneuvering  307 

3.2.10.3  Pitch  axis  control  displacements  — 

gust  regulation  309 

3.3  HANDLING  QUALITY  REQUIREMENTS  FOR  VERTICAL 

FLIGHT  PATH  AXIS  312 

3.3.1  Vertical  Axis  Response  to  Attitude  Change  312 

3.3. 1.1  Vertical  axis  response  to  attitude 

change  —  transient  response  312 

3. 3. 1.2  Vertical  axis  response  to  attitude 

change  —  steady-state  response  317 

3.3. 1.2.1  Relaxation  for  aircraft 
with  designated  flight 
path  controller  330 

3.3.2  Vertical  Axis  Response  to  Designated 

Flight  Path  Controller  331 

3. 3. 2.1  Vertical  axis  response  to  desig¬ 
nated  flight  path  controller  — 

transient  response  331 

3. 3. 2. 2  Vertical  axis  response  to  desig¬ 

nated  flight  path  controller  — 
steady-state  response  331 

3.3.3  Vertical  Axis  Response  to  Other  Inputs  333 

3. 3. 3.1  Vertical  axis  response  to  con¬ 
trols,  stores  release,  and 

armament  delivery  333 

3. 3. 3. 2  Vertical  axis  response  to  failures  333 

3.3.4  Flight  Path  Control  Power  334 

3. 3.4.1  Control  power  for  designated 

primary  flight  path  controller  334 


viii 


TABLE  OF  CONTENTS  (Continued) 


SECTION  PAGE 

3. 3.4.2  Control  power  for  designated 

secondary  flight  path  controller  334 

3.3.5  Flight  Path  Controller  Characteristics  334 

3.4  HANDLING  QUALITY  REQUIREMENTS  FOR 

LONGITUDINAL  (SPEED)  AXIS  336 

3.4.1  Speed  Response  to  Attitude  Changes  336 

3.4. 1.1  Speed  response  to  attitude 
changes  —  relaxation  in 

transonic  flight  343 

3.4.2  Speed  Response  to  Speed  Controller  345 

3.4.2. 1  Speed  response  to  speed  controller  — 

transient  response  345 

3. 4. 2. 2  Speed  response  to  speed  controller  — 

steady-state  response  345 

3.4.3  Speed  Axis  Response  to  Other  Inputs  345 

3.4.4  Speed  Axis  Control  Power  345 

3.4.5  Speed  Axis  Controller  Characteristics  345 

3.5  HANDLING  QUALITY  REQUIREMENTS  FOR  ROLL  AXIS  347 

3.5.1  Roll  Response  to  Roll  Controller  347 

3. 5. 1.1  Roll  axis  lower-order  equivalent 

system  requirements  347 

3. 5. 1.1.1  Roll  mode  347 

3. 5. 1.1. 2  Spiral  stability  365 

3. 5. 1.1. 3  Coupled  roll-spiral 

oscillation  370 

3.5. 1.1.4  Roll  rate  oscillations  380 

3.5. 1.1.5  Time  delay  397 

3.5.2  Pilot-Induced  Roll  Oscillations  400 

3.5.3  Residual  Roll  Oscillations  402 

3.5.4  Linearity  of  Roll  Response  to 

Roll  Controller  403 

3.5.5  Lateral  Acceleration  at  Pilot  Station  405 

3.5.6  Roll  Response  to  Yaw  Controller  408 

3.5.7  Roll  Axis  Control  in  Takeoff  and 

Landing  in  Crosswinds  411 


ix 


TABLE  OF  CONTENTS  (Continued) 

SECTION  PAGE 

3.5.8  Roll  Axis  Response  to  Other  Inputs  413 

3. 5. 8.1  Roll  axis  response  to 

asymmetric  thrust  413 

3. 5. 8. 2  Roll  axis  response  to  failures  416 

3. 5.8. 3  Roll  axis  response  to  configuration 

or  control  mode  change  418 

3. 5. 8. 4  Roll  axis  control  to  stores 

release  420 

3.5.8. 5  Roll  axis  response  to  armament 

delivery  422 

3.5.9  Roll  Axis  Control  Power  424 

3.5.9. 1  Roll  axis  control  power  — 

response  to  roll  control  inputs  424 

3. 5. 9. 2  Roll  axis  control  power  in 

steady  sideslips  450 

3. 5. 9. 3  Roll  axis  control  power  in 

crosswind  452 

3. 5. 9.4  Roll  axis  control  power  for 

engine  failure  455 

3. 5. 9.5  Roll  axis  control  power  in 

dives  and  pullouts  457 

3. 5. 9. 6  Roll  axis  control  power  for 

stores  release  458 

3. 5. 9. 7  Roll  axis  control  power  with  two 

engines  inoperative  460 

3. 5. 9.8  Roll  axis  control  power  for 

other  conditions  462 

3.5.10  Roll  Axis  Control  Forces  and  Displacements  464 

3.5.10.1  Wheel  control  displacements  469 

3.5.10.2  Roll  axis  control  forces  to 

achieve  required  roll  rates  471 

3.5.10.3  Roll  axis  control  sensitivity  473 

3.5.10.4  Roll  axis  control  forces  —  control 

centering  and  breakout  forces  503 

3.5.10.5  Roll  axis  control  forces  — 

free  play  505 

3.5.10.6  Roll  axis  control  force  limits  507 

3.5.10.6.1  Roll  axis  control  force 

limits  —  steady  turns  507 

3.5.10.6.2  Roll  axis  control 
limits  —  dives  and 

pullouts  509 

3.5.10.6.3  Roll  axis  control  force 

limits  —  crosswinds  511 


x 


TABLE  OF  CONTENTS  (Continued) 


SECTION 


3. 


PAGE 


3.5.10.6.4  Roll  axis  control  force 
limits  —  steady 

sideslips  513 

3.5.10.6.5  Roll  axis  control  force 
limits  —  engine  failures 

after  takeoff  515 

3.5.30.6.6  Roll  axis  control  force 

limits  —  configuration  or 
control  mode  change  517 

HANDLING  QUALITY  REQUIREMENTS  FOR  YAW  AXIS  519 

3.6.1  Yaw  Axis  Response  to  Yaw  Controller  519 

3.6. 1.1  Yaw  axis  equivalent  system 

requirements  519 

3. 6. 1.1.1  Dynamic  response  519 

3. 6. 1.1. 2  Steady-state  response  548 

3.6. 1.2  Yaw  axis  bandwidth  requirements  550 

3.6. 1.2.1  Bandwidth  requirements 

for  wings-level  turn 

mode  550 

3.6.2  Yaw  Axis  Response  to  Roll  Controller  563 

3.6.2. 1  Coordination  in  turn  entry 

and  exit  563 

3.6.2. 1.1  Coordination  in  turn 
entry  and  exit  — 

requirement  1  563 

3. 6. 2. 1.2  Coordination  in  turn 
entry  and  exit  — 

requirement  2  582 

3. 6. 2. 2  Pilot-induced  yaw  oscillations  604 

3. 6. 2. 3  Residual  yaw  oscillations  606 

3.6.3  Yaw  Axis  Control  for  Takeoff  and 

Landing  in  Crosswinds  607 

3.6.4  Yaw  Axis  Response  to  Other  Inputs  609 

3.6.4. 1  Yaw  axis  response  to  asymmetric 

thrust  609 

3. 6. 4. 2  Yaw  axis  response  to  failures  612 

3. 6. 4. 3  Yaw  axis  response  to  configuration 

or  control  mode  change  614 

3. 6. 4. 4  Yaw  axis  response  to  stores 

release  616 

3. 6. 4. 5  Yaw  axis  response  to  armament 

delivery  618 


xi 


rW'A.  ■ 


TABLE  OF  CONTENTS  (Continued) 


SECTION  PAGE 

3.6.5  Yaw  Axis  Control  Power  620 

3.6.5. 1  Yaw  axis  control  power  for  takeoff, 

landing,  and  taxi  621 

3. 6. 5. 2  Yaw  axis  control  power  for 

two  engines  inoperative  624 

3.6. 5.3  Yaw  axis  control  power  with 

asymmetric  loading  626 

3. 6. 5. 4  Yaw  axis  control  power  for 

stores  release  627 

3. 6. 5. 5  Yaw  axis  control  power  for 

other  conditions  629 

3.6.6  Yaw  Axis  Control  Forces  631 

3.6.6. 1  Yaw  axis  control  force  linearity  633 

3. 6. 6. 2  Yaw  axis  control  force  limits  635 

3. 6. 6. 2.1  Yaw  axis  control  force 
limits  in  rolling 

maneuvers  635 

3. 6. 6. 2. 2  Yaw  axis  control  force 
limits  during  steady 

turns  637 

3. 6. 6. 2. 3  Yaw  axis  control  force 
limits  during  speed 

changes  639 

3. 6. 6. 2. 4  Yaw  axis  control  force 

limits  in  crosswinds  641 

3. 6. 6. 2. 5  Yaw  axis  control  force 
limits  with  asymmetric 

loading  643 

3. 6. 6. 2. 6  Yaw  axis  control  force 
limits  in  dives  and 

pullouts  645 

3. 6. 6. 2. 7  Yaw  axis  control  force 

limits  for  go-around  647 

3. 6. 6. 2. 8  Yaw  axis  control  force 
limits  for  asymmetric 

thrust  during  takeoff  649 

3. 6. 6. 2. 9  Yaw  axis  control  force 

limits  with  failures  651 

3.6.6.2.10  Yaw  axis  control  force 
limits  —  configuration 

or  mode  change  653 


xii 


TABLE  of  CONTENTS  (Continued) 


SECTION  PAGE 

3.7  HANDLING  QUALITY  REQUIREMENTS  FOR 

LATERAL  FLIGHT  PATH  AXIS  655 

3.7.1  Bandwidth  Requirement  for  Lateral 

Translation  555 

3.8  HANDLING  QUALITY  REQUIREMENTS  FOR  COMBINED  AXES  660 

3.8.1  Cross— Axis  Coupling  in  Roll  Maneuvers  660 

3.8.2  Crosstalk  Between  Pitch  and  Roll  Controllers  664 

3.8.3  Control  Harmony  665 

3.8.4  Flight  at  High  Angle  of  Attack  668 

3. 8. 4.1  Warning  cues  674 

3. 8. 4. 2  Stalls  677 

3. 8. 4. 2.1  Stall  approach  680 

3.8.4. 2.2  Stall  characteristics  683 

3. 8. 4. 2. 3  Stall  prevention  and 

recovery  686 

3. 8. 4. 2. 4  One-engine-out  stalls  691 

3. 8. 4. 3  Departures  and  spins  693 

3.8.4. 3.1  Departure  from  controlled 

flight  695 

3. 8. 4. 3. 2  Recovery  from  post-stall 

gyrations  and  spins  701 

3.9  HANDLING  QUALITY  REQUIREMENTS  IN 

ATMOSPHERIC  DISTURBANCES  708 

3.9.1  Allowable  Handling  Qualities  Degradations 

in  Atmospheric  Disturbances  708 

3.9.2  Definition  of  Atmospheric  Disturbance 

Model  Form  7X8 

3.9.3  Application  of  Disturbance  Models 

in  Analyses  74X 

3.9.4  Requirements  for  Aircraft  Failure 

States  in  Atmospheric  Disturbances  743 

4.  NOTES  747 

4.1  INTENDED  USE  747 


xiii 


TABLE  OF  CONTENTS  (Continued) 

SECTION  PAGE 

4.2  DEFINITIONS  748 

4.2.1  General  748 

4.2.2  Speeds  749 

4.2.3  Thrust  and  Power  752 

4.2.4  Control  Parameters  753 

4.2.5  Longitudinal  Parameters  754 

4.2.6  Lateral-Directional  Parameters  756 

4.2.7  Atmospheric  Disturbance  Parameters  763 

4.2.8  Terms  Used  in  High  Angle  of  Attack 

Requirements  765 

4.3  GAIN  SCHEDULING  766 

4.4  ENGINE  CONSIDERATIONS  766 

4.5  EFFECTS  OF  AEROELASTICITY,  CONTROL  EQUIPMENT 

AND  STRUCTURAL  DYNAMICS  766 

APPENDIX  A.  DETERMINING  EQUIVALENT  SYSTEMS  767 

APPENDIX  B.  AN  EXAMPLE  MIL  STANDARD  774 

REFERENCES  842 


xiv 


LIST  OF  FIGURES 


1 


PAGE 


1  (1.3)  Classification  of  Aircraft  (from  Reference  11)  20 

l  (1.5)  Definition  of  Flight  Envelope  Terms  27 

1  (1.7)  Definition  of  Flying  Quality  Levels  45 

1  (3. 1.6.1)  Definition  of  Levels  Which  Include  Atmospheric 

Disturbances  as  well  as  Failures  68 

1  (3. 2. 1.1)  Requirements  for  Short-Term  Pitch  Response  to 

Pitch  Controller  (u%p  vs.  n/a)  99 

2  (3. 2. 1.1)  Requirements  for  Short-Term  Pitch  Response  to 

Pitch  Controller  (<uspT02  vs.  £sp)  102 

3  (3. 2. 1.1)  Pilot  Control  of  Pitch  Attitude  and  Flight  Path  106 

4  (3. 2. 1.1)  Definition  of  CAP  From  Frequency  Response 

Asymptotes  108 

5  (3. 2. 1.1)  Effect  of  Fitting  with  1/Tq2  Fixed  and  Free, 

Category  C  Requirements  113 

6  (3.2. 1.1)  Envelopes  of  Maximum  Unnoticeable  Added 

Dynamics  117 

7  (3.2. 1.1)  Comparison  of  Bode  Amplitude  Asymptotes  for 

Basic  and  Augmented  Configurations  of  Table  5  120 

8  (3.2. 1.1)  Comparison  of  Bode  Phase  Angles  for  Basic  and 

Augmented  Configurations  of  Table  5  121 

9  (3.2.1.1)  Effect  of  First-  and  Second-Order  Lags  on 

Equivalent  Time  Delay  and  Pilot  Rating: 

LAHOS  Configurations  (Reference  5)  123 

10  (3.2. 1.1)  Typical  DFC  Control  "Frequency  Sweep"  and 

Response  for  Configuration  Identification 
(Configuration  WLT  2  from  Reference  115)  126 

11  (3. 2. 1.1)  Fourier  Transformed  Heading  Response  Resulting 

From  Frequency  Sweep  Shown  in  Figure  10  126 


xv 


*0 


LIST  OF  FIGURES  (Continued) 


12  (3.2. 1.1) 

13  (3.2. 1.1) 

14  (3.2. 1.1) 

15  (3.2. 1.1) 

16  (3. 2. 1.1) 

17  (3.2. 1.1) 

18  (3. 2. 1.1) 

19  (3.2. 1.1) 

20  (3.2. 1.1) 

21  (3.2. 1.1) 

22  (3.2. 1.1) 

23  (3.2. 1.1) 

24  (3.2. 1.1) 


Approach  and  Landing,  No  Pilot-Induced  Oscilla¬ 
tion  Configuration  P12  of  Reference  91,  Medium 
Offset  Approach  (75  ft  Lateral,  50  ft  Vertical), 
Landing  No.  I  (from  Reference  84) 

Pilot-Induced  Oscillation  at  Touchdown,  Configura¬ 
tion  P12  of  Reference  91,  Medium  Offset  Approach 
(75  ft  Lateral,  50  ft  Vertical),  Landing  No.  2 
(from  Reference  84) 

Comparison  of  Pilot  Ratings  With  Category  A 
Short-Period  Frequency  Requirements 

Comparison  of  Pilot  Ratings  With  Category  A 
Short-Period  Damping  Requirements 

Comparison  of  Pilot  Ratings  with  Category  A 
Short-Period  Frequency  and  Damping  Ratio 
Requirements 

Alternate  Category  A  Flying  Qualities  Require¬ 
ments  for  Short-Period  Pitch  Response 

Comparison  of  Pilot  Ratings  with  Category  B 
Short-Period  Frequency  Requirements 

Comparison  of  Pilot  Ratings  with  Category  B 
Short-Period  Damping  Requirements 

Alternate  Category  B  Short-Period  Flying  Quali¬ 
ties  Requirements  (Reference  96  data,  Level  1 
Fs/n) 

Comparison  of  Pilot  Ratings  with  Category  C 
Short-Period  Frequency  Requirements 

Comparison  of  Pilot  Ratings  with  Category  C 
Short-Period  Damping  Requirements 

Alternate  Category  C  Short-Period  Flying 
Qualities  Requirements 

Comparison  of  LOES  Dynamics  With  Short-Period 
Requirements;  Category  A,  Neal-Smith  (Refer¬ 
ence  12)  Configurations,  MCAIR  (Reference  83) 
Matches 


PAGE 

127 

128 

132 

134 

135 

137 

138 

139 

140 

141 

142 

143 

146 


xvi 


LIST  OF  FIGURES 


PAGE 


25  (3.2. 1.1)  Comparison  of  Neal-Smith  LOES  Characteristics 

with  oispT q2  vs.  ;sp  148 

26  (3. 2. 1.1)  Comparison  of  LOES  Dynamics  With  Short-Period 

Requirements;  Category  C,  LAHOS  (Reference  5) 
Configurations,  MCAIR  (Reference  88)  Matches  149 

27  (3. 2. 1.1)  Comparison  of  LAHOS  LOES  Characteristics  with 

u%pTe2  vs.  csp  151 

28  (3. 2. 1.1)  Comparison  of  Effects  of  Various  Stability 

Characteristics  on  Airplane  Response  to 

Elevator  Pulse  (-5  deg  for  0.2  sec  at 

t=0)  (Reference  178)  153 

29  (3,2. 1.1)  Contours  of  Constant  Pilot  Opinion  in  Static¬ 

ally  Unstable  Region;  Constant  Stick-to- 

Stabilizer  Gearing  (Reference  95)  154 

30  (3.2. 1.1)  Comparison  of  Equivalent  Delay  Effects  in  Pitch 

or  Roll  Rate  Response  to  Stick  Force  for 

Different  Simulations  (from  Reference  84)  158 

31  (3.2. 1.1)  AFTI/F-16  Independent  Back-Up  Pitch  Rate 

Feedback  Block  Diagram  158 

32  (3.2. 1.1)  AFTI/F-16  q  +  6e  Feedback  (IBU)  159 

33  (3.2. 1.1)  AFTI/F-16  9  Fs  for  IBU  (q  +■  6^  Closed)  160 

34  (3.2. 1.1)  Pitch  Acceleration  Response  to  a  Unit  Step 

Force  Input  161 

35  (3. 2. 1.1)  Time  Delay  versus  CAP'  -  Neal-Smith  Data 

(from  Reference  268)  163 

36  (3.2. 1.1)  Time  Delay  versus  CAP'  -  LAHOS  Data 

(from  Reference  268)  164 

1  (3. 2. 1.2)  Bandwidth  Requirements  166 

2  (3.2. 1.2)  Simplified  Pilot  Vehicle  Closure  for  Pitch 

Control  168 

3  (3.2. 1.2)  Definition  of  Bandwidth  Frequency,  From 

Open  Loop  Frequency  Response  169 


xvii 


LIST  OF  FIGURES 


PAGE 

4  (3. 2. 1.2) 

Comparison  of  Neal-Smith  Data  (Ref.  12)  With 
Bandwidth  (Mean  Ratings) 

170 

5a  (3.2. 1.2) 

Level  1/2  System  of  Neal-Smith  (ID):  wgy  = 

2.7  rad/sec,  Mean  PR  =  4.1 

172 

5b  (3. 2. 1.2) 

Level  3  System  of  Neal-Smith  (21):  = 

2.5,  Mean  PR  =  8.0 

173 

6  (3.2. 1.2) 

Correlation  of  Pilot  Ratings  with  ajgy  and  te 
(Reference  12  Data) 

174 

7  (3.2. 1.2)  Large  Difference  in  Bandwidth  Due  to  Shelf  in 

Amplitude  Plot  Combined  with  Moderate  Values 

of  Tp  (configurations  of  Reference  5)  176 

8  (3.2. 1.2)  Correlation  of  Pilot  Ratings  with  and  Tp 

for  Neal-Smith  Data  (Category  A)  (Data  from 
Reference  12,  Ratings  in  Parentheses  from 


Reference  160)  178 

9  (3.2. 1.2)  Correlation  of  Pilot  Ratings  with  mgy  and  Tp 

for  Approach  and  Landing  (Reference  5  Data)  180 

10  (3.2. 1.2)  Comparison  of  Pilot  Ratings  for  Category  A 

Short-Period  Configurations  with  Bandwidth 
(Classical  Airplanes)  181 

11  (3. 2. 1.2)  Comparison  of  Pilot  Ratings  for  Category  C 

Short-Period  Configurations  with  Bandwidth 
(Classical  Airplanes)  181 

1  (3.2.2. 1)  YF-17  Pitch  Attitude  Dynamics  (from 

Reference  235)  188 

2  (3.2.2. 1)  YF-17  Acceleration  Control  System  Dynamics 

(from  Reference  235)  189 

1  (3.2.3)  Effect  of  Dither  on  B-l  Limit  Cycle  Oscillations 

(from  Reference  253)  197 

1  (3. 2. 7. 6)  Buffet  Intensity  Rise  Determination  (from 

Reference  237)  212 

1  (3. 2. 8. 3)  Dynamics  of  Takeoffs  for  Tailwheel  vs. 

Nosewheel  Aircraft  220 


xviii 


LIST  OF  FIGURES  (Continued) 


1  (3.2.9) 

2  (3.2.9) 

3  (3.2.9) 

1  (3.2.9. 1) 

2  (3.2.9. 1) 

3  (3.2.9. 1) 

4  (3.2.9. 1) 

5  (3.2.9. 1) 

6  (3.2.9. 1) 

7  (3.2.9. 1) 

8  (3.2.9. 1) 

9  (3.2.9. 1) 

10  (3. 2. 9.1) 

11  (3.2.9. 1) 


PAGE 


Effect  of  Arm/Stick  Geometry  on  Maximum  Push  and 
Pull  Capability  by  the  Right  Arm  for  the  5th 
Percentile  Male  (Reference  256)  227 

Effect  of  Upper  Arm  Angle  on  Pull  and  Push 
Strength  for  the  5th  and  95th  Percentile  Male 
(Reference  256)  228 

Effect  of  Arm  Position  and  Wheel  Angle  on  Maximum 
Push  and  Pull  Capability  by  the  Right  Arm  for  the 
5th  Percentile  Male  (Reference  256)  230 

Elevator  Maneuvering  Force  Gradient  Limits: 

Center-Stick  Controller,  nL  =  7.0  236 

Elevator  Maneuvering  Force  Gradient  Limits: 

Wheel  Controller,  n^  =  3.0  236 

0V-10A  Maneuvering  Control  (Reference  7)  238 

Longitudinal  Stick  Force  at  Stall  (Reference  7)  238 

Short  Period  Frequency  vs.  Longitudinal  Stick 

Force  Per  g  (Fs/6  Separately  Optimized)  239 

Comparison  of  Optimum  Fg/n  with  Limits  of 

Table  1  (Reference  9,  Category  A;  n^  =  7  g)  242 

Comparison  of  Optimum  F„/n  with  Limits  of 

Table  1  (Reference  10,  Category  C;  nL  =  3  g)  244 

Comparison  of  Optimum  F„/n  from  Data  of  Neal 
and  Smith  (Reference  12)  with  Limits  of  Table  1 
(Category  A;  n^  =  7  g)  244 

Comparison  of  Optimum  Fg/n  from  LAHOS  (Refer¬ 
ence  5)  Data  with  Limits  of  Table  1  (Category  C; 
nL  =  7  g)  246 

Average  Pilot  Ratings  for  1-lb/g  Segments  of 

Fs/n  246 

Comparison  of  Fg/n  with  Limits  of  Table  1, 

Wheel  Controllers  (Reference  28,  Category  A; 

nL  =  3  g)  247 


xix 


LIST  OF  FIGURES  (Continued) 


PAGE 

12  (3.2.9. 1)  Elevator  Control  Force  Gradients  for  Transport 


Aircraft  (from  Reference  14)  249 

13  (3. 2. 9.1)  Comparison  of  Fg/n  for  Various  Class  I  Air¬ 
craft  in  Landing  Approach  (Category  C)  with 
Limits  of  Table  I  251 

1  (3. 2. 9. 2)  Illustration  of  Resonance  Dip  in  Fg/n  Due  to 

Low  ;sp  255 

2  (3. 2. 9. 2)  The  Ratio  (Fs/n)/(Fs/n)min  vs.  £sp  255 

3  (3. 2. 9. 2)  Sketch  of  Effect  of  Control  System  on  Resonant 

Dip  256 

4  (3. 2. 9. 2)  Comparison  of  (Fg/n)min  Boundaries  with 

(Fs/n)ggand  £sp  for  Cases  Where  tc^p  «  u^s 
(Reference  9)  257 

5  (3. 2. 9. 2)  PIO  Tendency  Rating  Scale  259 

6  (3. 2. 9. 2)  T-33  Data  from  Reference  12  (Equivalent  u^p, 

Te  are  Level  1)  260 

7  (3. 2. 9. 2)  PIO  Characteristics  of  A4D-2,  T-38A,  and  F-4C 

(References  18,  19,  20)  262 

8  (3. 2. 9. 2)  PIO  Characteristics  of  Airplanes  Described 

in  Reference  21  262 

1  (3. 2. 9. 4.1)  Pilot  Comments  for  Air-to-Air  Tasks  with 

Standard  Harmony  (from  Reference  23)  268 

2  (3. 2. 9. 4.1)  Average  Pilot  Ratings  for  Gross  Acquisition 

Task  272 

3  (3. 2. 9. 4.1)  Average  Pilot  Ratings  for  Fine  Tracking  Tasks  272 

4  (3. 2. 9. 4.1)  Control  Force  Per  Control  Displacement  Cate¬ 

gory  A  Flight  Phases  —  Centerstick  (from 

Reference  11)  274 

1  (3. 3. 1.2)  Landing  Approach  (T-33,  Reference  120)  323 

2  (3. 3. 1.2)  Landing  Approach  (T-33,  Reference  120)  323 

3  (3. 3. 1.2)  Landing  Approach  (T-33,  Reference  120)  324 


xx 


LIST  OF  FIGURES  (Continued) 


4  (3. 3. 1.2) 

5  (3.3. 1.2) 

6  (3. 3. 1.2) 

7  (3. 3. 1.2) 

1  (3. 5. 1.1.1) 

2  (3.5. 1.1.1) 

3  (3. 5. 1.1.1) 


Landing  Approach  (T-33,  Reference  120) 

Carrier  Approach  (Ground  Simulator  Experiment, 
Reference  155) 

SST  Landing  Approach  (Ground  Simulator  Experi¬ 
ments,  References  154  and  157) 

Landing  Approach  (AVRO  707,  Reference  156) 

Ratings  Versus  Roll  Damping  —  Flight  Test, 
Moving-Base,  Fixed  Base  with  Random  Input 
(from  Reference  37) 

Proposed  Roll  Performance  Requirements  (MIL-F- 
8785)  for  Class  III  Aircraft  (from  Reference  45) 

Lateral  Control  Boundaries  (from  Reference  44) 


4  (3. 5. 1.1.1) 

5  (3. 5. 1.1.1) 

6  (3.5. 1.1.1) 

7  (3.5. 1.1.1) 


Lateral  Flying  Qualities  Boundaries  (Lg  vs. 

Tr,  q j  =  0.1)  (from  Reference  44) 

Lateral  Flying  Qualities  Boundaries  (Lg  vs. 

Tr,  qj  =  0.4)  (from  Reference  44) 

Pilot  Ratings  and  Optimum  Aileron  Sensitivity 
(Medium  1  4>/ B I ,  Long  TR)  (from  Reference  46) 

Variation  of  Pilot  Opinion  with  L6a^amax»  for 
Constant  Values  of  TR  as  Obtained  from  the 
Stationary  Flight  Simulator  (from  Reference  38) 


8  (3. 5. 1.1.1)  Variation  of  Pilot  Opinion  with  Lg  6a  , 
for  Constant  Values  of  TR  as  Obtained 
from  the  Moving  Flight  Simulator  (from 
Reference  38) 


9  (3.5. 1.1.1)  Comparison  of  Pilot  Opinion  Boundaries  Obtained 

from  the  Fixed  and  Moving  Flight  Simulators. 
(From  Reference  38) 

10  (3. 5. 1.1.1)  Range  of  Parameters  C5a<5a(nax,  an<*  TR  Covered 

in  the  Flight  Investigation,  Shown  in  Comparison 
with  the  Motion  Simulator  Derived  Boundaries 
(from  Reference  38) 


xxi 


PAGE 

324 

326 

326 

328 

349 

352 

352 

353 

353 

354 

356 

356 

357 

357 


'.'d' 111 


LIST  OF  FIGURES  (Continued) 


11  (3. 5. 1.1.1) 

12  (3. 5. 1.1.1) 

13  (3.5. 1.1.1) 

14  (3. 5. 1.1.1) 

15  (3. 5. 1.1.1) 


16  (3. 5. 1.1.1) 

1  (3. 5. 1.1. 2) 

2  (3. 5. 1.1. 2) 

1  (3. 5. 1.1. 3) 

2  (3.5. 1.1.3) 

3  (3. 5. 1.1. 3) 

4  (3.5. 1.1.3) 

5  (3. 5. 1.1. 3) 

6  (3. 5. 1.1. 3) 


1  (3. 5. 1.1. 4) 


Comparison  of  In-Flight  Pilot-Opinion  Rating 
with  Those  Predicted  from  Flight  Simulator 
Boundaries  (from  Reference  38) 

Pilot  Rating  Versus  Roll  Mode  Time  Constant 
(from  Reference  39) 

Average  Pilot  Rating  of  Roll  Mode  Time 
Constant  (from  Reference  49) 

Effect  of  Roll  Mode  —  LATHOS  (Reference  258), 
Category  A 

Comparison  of  Models  and  Data  for  Closed-Loop 
Stick  Deflection  Responses  Under  Lateral 
Vibration  (Reference  267) 

Effect  of  1/TR  on  High  Frequency  Gain 

Limits  of  Satisfactory  and  Tolerable  Rates 
of  Spiral  Divergence  (from  Reference  53) 

Data  for  All  Types  of  Flying  —  Pilot  Opinion 
Versus  Spiral  Damping  (from  Reference  54) 

Composite  Pilot  Ratings  for  Spiral  Descent  of 
Simulated  Reentry  Vehicle  (from  Reference  48) 

Composite  Pilot  Ratings  for  Up-and-Away  Flight; 
Moderate  l$/Bld  (from  Reference  48) 

Composite  Pilot  Ratings  for  Up-and-Away  Flight; 
Large  | $/8ld  (from  Reference  48) 

Pilot  Ratings  for  Ground  Simulation  of  Refer¬ 
ence  60  (Dutch  Roll  Characteristics  Vary) 

Pilot  Ratings  for  Ground  Simulation  of  Refer¬ 
ence  49  »  0.64  -  1 . 10  ] 

Coupled  Roll-Spiral  Mode  Characteristics  for 
M2-F2  and  M2-F3  Lifting  Bodies  (from 
Reference  61) 

Roll  Rate  Oscillation  Limitations 


PAGE 

358 

359 

359 

361 

363 

364 

367 

369 

373 

374 

374 

376 

377 

379 

381 


xxii 


LIST  OF  FIGURES  (Continued) 


2  (3.5. 1.1.4) 

3  (3. 5. 1.1. 4) 

4  (3. 5. 1.1. 4) 

5  (3.5. 1.1.4) 

6  (3. 5. 1.1. 4) 

7  (3.5. 1.1.4) 

8  (3. 5. 1.1. 4) 

9  (3.5. 1.1.4) 

10  (3. 5. 1.1. 4) 

11  (3.5. 1.1.4) 


Effect  of  Relative  Pole/Zero  Location  On 
Piloted  Control  of  Bank  Angle 

Locations  of  Zero  Corresponding  to  Cate¬ 
gory  A  and  C  and  Level  1  and  2  Boundaries  in 
Figure  1  (T 
Reference  1 

Posc/Pav  as  a  Function  of  the  Ratio  of  Dutch 
Roll  Period  and  Spiral  Root  Time  Constant 
(from  Reference  59) 

Flight  Phase  Category  A  Data,  Moderate 
(from  Reference  46) 

Flight  Phase  Category  A  Data,  Large  and  Small 
1  <J>/ 31  d  (from  Reference  46) 

Flight  Phase  Category  B  Data  (from  Reference  48) 

Flight  Phase  Category  B  Data  (from  Reference  38) 

Flight  Phase  Category  C  Data  (from  Reference  44) 

Category  C  Data  (Approach  and  Wave-Off);  Cooper- 
Harper  Pilot  Ratings  (from  Reference  69) 

Positive  and  Negative  Dihedral  Data  of  Refer¬ 
ence  70 


b 


=0.5  sec,  T  =  “)  (From 


1  (3.5. 1.1.5)  Effect  of  Time  Delay,  LATHOS  Data 
(Reference  258) 


1  (3.5.5) 


Lateral  Acceleration  Criterion  Versus  Pilot 
Rating  from  Reference  104 


1  (3. 5. 9.1) 


C-5A  Flight  Test  Data  (From  Reference  127) 


2  (3.5.9. 1) 


Roll  Performance  for  Class  III  Airplanes 
(From  Reference  14) 


3  (3.5.9. 1) 


4  (3. 5.9.1) 


Comparison  of  Pilot  Ratings  for  Class  HI 
Aircraft  in  Category  B  Flight  with  Require¬ 
ments  of  Table  2  (Reference  128  Data) 

Time  to  Bank  30°  for  CV-990  (Reference  129) 


PAGE 

385 

386 

387 

389 

390 

391 

391 

392 

393 

394 

399 

407 

432 

436 

438 

439 


xxiii 


UST  OP  FIGURES  (Continued) 


5  (3. 5. 9.1) 

6  (3. 5.9.1) 

7  (3. 5. 9.1) 

8  (3.5.9. 1) 

9  (3.5.9. 1) 

10  (3. 5. 9.1) 

11  (3. 5. 9.1) 

12  (3.5.9. 1) 

13  (3. 5.9.1) 

1  (3.5.10) 

2  (3.5.10) 

3  (3.5.10) 

l  (3.5.10.1) 

1  (3.5.10.3) 


F-4  Roll  Control  Effectiveness,  Time-To-Bank 
90°,  CR  Configuration  (From  inference  130) 

F-4  Roll  Control  Effectiveness;  Time-To-Bank 
30°,  PA  Configuration  (From  Reference  130) 

F-4  Roll  Control  Effectiveness;  CO  Configura¬ 
tion.  Limits  Shown  for  Speed  Range  M,  Table  5 
(From  Reference  130) 

F-5E  Roll  Performance  at  0.8  n^,  Configura¬ 
tion  CO  (from  Reference  6) 

F-14A  Rolling  Performance  in  Configuration  PA; 
DLC  on  (from  Reference  132) 

F-15C  Aileron  Roll  Characteristics  (From 
Reference  133) 

Time  to  Roll  90°  Versus  Mach  for  F/A-18A 
(Reference  134) 

Time  to  Roll  360°  Versus  Mach  for  F/A-18A 
(From  Reference  134) 

Roll  Performance  Characteristics  in  Configura¬ 
tion  PA  (from  Reference  134) 

Effect  of  Arm/Stick  Geometry  on  Maximum  Applied 
Force  to  the  Left  and  to  the  Right  by  the  Right 
Arm  for  the  5th  Percentile  Male  (Reference  256) 

Effect  of  Upper  Arm  Angle  on  Maximum  Applied 
Force  to  the  Left  and  to  the  Right  for  the  5th 
and  95th  Percentile  Male  (from  Reference  256) 

Effect  of  Arm  Position  and  Wheel  Angle  on  Maxi¬ 
mum  Applied  Force  to  the  Left  and  to  the  Right 
for  the  5th  Percentile  Male  (Reference  256) 

Variation  of  Pilot  Rating  with  Bank  Angle  in 
First  Second  for  Four  Values  of  Effective 
Angle  (from  Reference  116) 

Block  Diagram  Representation  of  Full-Authority 
Roll  Rate  Command  Augmentation  Systems 


PAGE 

440 

441 

442 

443 

445 

446 

447 

448 

449 

465 

466 

468 

470 

475 


xxiv 


LIST  OF  FIGURES  (Continued) 


2  (3.5.10.3) 


3  (3.5.10.3) 

4  (3.5.10.3) 


5  (3.5.10.3) 


Range  of  Acceptable  Nonlinear  Roll  Command 
Shaping  Networks  Based  on  Flight  Tests 
(Class  IV  Aircraft,  Flight  Phase  Category  A, 
Right  Roll) 

Roll  Rate  Response  for  Conventional  Aircraft 

Comparison  of  Pmax/Fas  for  Several  Conven¬ 
tional  Class  IV  Aircraft  with  CAS  Curves  of 
Figure  2 

Evolution  of  the  F— 1 6  CAS  Shaping  Network 


6  (3.5.10.3)  YF-16  PIO  Due  to  Excessive  Lateral  Stick 

Sensitivity 


7  (3.5.10.3)  YF-16  Rolling  Performance  Cruise  Configuration; 

Reference  124 


8  (3.5.10.3)  Roll  Performance  Summary  (From  Reference  125) 

9  (3.5.10.3)  Roll  Performance  Summary  (From  Reference  125) 

10  (3.5.10.3)  Roll  Ratchet  During  Banking  Maneuvers  (D1GITAC, 

Reference  265)  h  =  20,000  ft,  M  =  0.75 


11  (3.5.10.3) 


12  (3.5.10.3) 


Evolution  of  Roll  CAS  Network  for  YA-7D  DIGITAC 
(Reference  265).  See  Table  3  for  Values  of 
TF.  Ke 

Steady  Rolls  on  YF-16  (Reference  124).  The  Roll 
in  (b)  was  Performed  32  seconds  after  (a)  and 
was  Satisfactory,  h  =  10,000  ft,  M  =  0.80 


13  (3.5.10.3) 


Roll  Ratcheting  Experienced  on  LATH0S  (Refer¬ 
ence  258).  Configuration  5-2 


14  (3.5.10.3)  Roll  Gradients  for  LATH0S  Configurations  5-2  and 
5-3  (T„  =  0.15  sec)  Compared  with  Acceptable 
Range  from  Figure  2 


15  (3.5.10.3) 

16  (3.5.10.3) 


Influence  of  Prefilter  Lag  on  Pilot  Ratings 
(Reference  258).  TR  =  0.15  sec 

Flight  Phase  Category  A  -  Force  Sensitivity 


PAGE 

476 

477 

478 

479 

480 

482 

484 

485 

486 

487 

490 

492 

493 

493 

496 


XXV 


LIST  OF  FIGURES  (Continued) 


17  (3.5.10.3) 


18  (3.5.10.3) 


Pilot  Ratings  from  Reference  38  (Category  A 
Flight  Phase) 

Flight  Phase  Category  C-Force  Sensitivity 
(From  Reference  44) 


19  (3.5.10.3) 


Roll  Response  Per  Pound  for  F-5  (From 
Reference  131) 


20  (3.5.10.3) 


21  (3.5.10.3) 


Roll  Response  Per  Pound  Versus  Mach  for  F-18A 
(Flight  Test  Data  from  Reference  134) 

Roll  Sensitivity  Characteristics  in  Configura¬ 
tion  PA  for  F-18A  (Flight  Test  Data  from 
Reference  134) 


1  (3.6. 1.1.1) 


Effect  of  Cd  on  Pilot  Ratings  for  In-Flight 
and  Fixed-Base  Simulations  of  Reference  71; 
ay  =  1.78  -  1.90  rad/sec  (Category  B  Flight 
Condition) 


2  (3. 6. 1.1.1)  Dutch  Roll  Data  (From  Reference  72) 


3  (3. 6. 1.1.1)  Dutch  Roll  Data  (From  Reference  73) 


4  (3.6. 1.1.1) 


5  (3.6. 1.1.1) 


6  (3.6. 1.1.1) 


9  (3.6. 1.1.1) 


Dutch  Roll  Data  from  Fixed-Base  Simulation  of 
Re-Entry  Task  (Reference  74)  Tg  »  0.40  sec, 

Ts  “  00 

Dutch  Roll  Data  (From  Reference  48;  Low 

u£i  t/sid) 

Dutch  Roll  Data  (From  Reference  48;  High 

<^l  4»/  3 1  d ) 


7  (3. 6. 1.1.1)  Dutch  Roll  Data  (From  Reference  39) 

8  (3. 6. 1.1.1)  Data  for  High  w?li(>/0ld  (From  Reference  39) 


Dutch  Roll  Data  From  In-Flight  Simulation 
of  Reference  46 


10  (3.6. 1.1.1) 


Dutch  Roll  Data  from  Flight  Tests  of  Refer¬ 
ence  76  (F-86E;  Low-Frequency  Data) 


xxvi 


LIST  OF  FIGURES  (Continued) 


11  (3. 6. 1.1.1) 

12  (3.6. 1.1.1) 

13  (3.6. 1.1.1) 

14  (3.6.1 .1.1) 

15  (3. 6. 1.1.1) 

16  (3.6. 1.1.1) 

17  (3. 6. 1.1.1) 

18  (3.6. 1.1.1) 

19  (3.6. 1.1.1) 

20  (3.6. 1.1.1) 

1  (3. 6. 1.2.1) 

2  (3.6. 1.2.1) 

3  (3.6. 1.2.1) 


Dutch  Roll  Data  from  Flight  Tests  of  Refer¬ 
ence  76  (F-86E;  High-Frequency  Data) 

Dutch  Roll  Data  from  In-Flight  Simulation  of 
Reference  68  (Navion;  Pilot  Ratings  Shown 
for  Optimum  Values  of  Lg) 

Dutch  Roll  Data  from  In-Flight  Simulation  of 
Class  II-L  Airplanes  in  Landing  Approach 
(T-33;  Reference  69) 

Dutch  Roll  Data  from  Moving-Base  Simulator 
Tests  of  Reference  77  (Supersonic  Transport) 

Variation  of  Pilot  Rating  with  for 

Moving-Base  Simulator  and  Flight  Data 
“0.15  (Reference  77) 

Ac W &(uy  I $/ 8ld )  Required  to  Maintain  a  Given 
Basic  Rating  (From  Reference  69),  Based  Upon 
Data  of  Figures  17  and  18 

Dutch  Roll  Data  From  Controls -Fixed  Rudder 
Kicks  of  Reference  78  Compared  to  Limits  of 
Table  1  (From  Reference  11) 

Data  Upon  Which  Relation  of  Figure  16  Are 
Based  (Controls-Fixed  Rudder  Kicks,  Refer¬ 
ence  78;  Figure  Reproduced  From  Reference  62) 

Dutch  Roll  Data  on  Existing  Airplanes  (From 
Reference  79) 

Lateral  Directional  Damping  for  Some  Class  III 
Airplanes  (From  Reference  14) 

Definition  of  Bandwidth  Frequency 

Effect  of  DFC  Manipulator  Sensitivity  Con¬ 
figuration  WLTl  (Very  Low  Coupling)  (From 
Reference  115) 

Effect  of  DFC  Manipulator  Sensitivity  Con¬ 
figuration  WLT5  (High  Favorable  Yaw  Coupling) 
(From  Reference  115) 


PAGE 

535 

536 

538 

539 

540 

541 

543 

544 

545 

546 
554 

556 

556 


xxvil 


LIST  OF  FIGURES  (Continued) 


PAGE 

4  (3.6. 1.2.1)  Effect  of  DFC  Manipulator  Sensitivity  Configura¬ 

tion  WLT12  (Very  High  Favorable  Roll  Coupling) 

(from  Reference  115)  557 

5  (3. 6. 1.2.1)  Correlation  of  Pilot  Ratings  with  Heading  Band¬ 

width;  Wings-Level  Turn  Mode;  Air-to-Air 

Tracking  Task  558 

6  (3. 6. 1.2.1)  Correlation  of  Pilot  Ratings  with  Heading 

Bandwidth  for  Conventional  Aircraft;  ILS 

Approach  Task  561 

1  (3.6.2. 1.1)  Sideslip  Excursion  Limitations  564 

2  (3.6.2. 1.1)  Pilot  Ratings  and  Optimum  Aileron  Sensitivity 

(Low  I  4/ Bid,  Medium  Tg)  (Reference  46)  565 

3  (3.6.2. 1.1)  Flight  Phase  Category  A  Data  from  Reference  46  567 

4  (3. 6. 2. 1.1)  Flight  Phase  Category  A  Data  from  Reference  46 

( AB/k,  ijifj  from  Reference  59)  571 

5  (3.6.2. 1.1)  ABn^/k  Versus  i|ig  for  Evaluation  Points  That 

Meet  Level  1  Posc^Pav  Criteria,  Category  A 

Data  (from  Reference  143)  571 

6  (3.6.2. 1.1)  Category  B  Data  of  Reference  39  573 

7  (3. 6. 2. 1.1)  Category  C  Configurations  of  Reference  44 

(AB/k,  ijig  from  Reference  59)  574 

8  (3. 6. 2. 1.1)  ABmax/k  Versus  ijig  for  Configurations  That 

Meet  Level  1  P0sc/Pav>  Cd>  and  0141  Criteria 

(from  Reference  69)  574 

9  (3.6.2. 1.1)  C-5A  Flight  Test  Data  (from  Reference  127)  576 

10  (3.6.2. 1.1)  Sideslip  Excursion  Data  for  Class  III  Aircraft 

in  Category  B  Flight  Phases  (from  Reference  14)  577 

11  (3. 6. 2. 1.1)  Sideslip  Excursions  for  F-4H-1  Airplane  (from 

Reference  130)  579 

12  (3.6.2. 1.1)  F-5A  Flight  Test  Data  580 

1  (3.6.2. 1.2)  Crossfeed  Parameter  Boundaries  583 

xxviii 


• 


f 


2  (3. 6. 2. 1.2) 

3  (3.6.2. 1.2) 

4  (3.6.2. 1.2) 

5  (3. 6. 2. 1.2) 

6  (3.6.2. 1.2) 

7  (3. 6. 2. 1.2) 

8  (3.6.2. 1.2) 

9  (3. 6. 2. 1.2) 

1  (3. 8. 4. 2. 3) 

2  (3. 8. 4. 2. 3) 
1  (3. 8. 4. 3.1) 

1  (3. 8. 4. 3. 2) 

1  (3.9.1) 

2  (3.9.1) 

1  (3.9.2) 

2  (3.9.2) 


LIST  OF  FIGURES  (Continued) 


PAGE 

Pilot  Rating  Boundaries  for  Acceptale  Roll  Con¬ 
trol  in  Turbulence  with  Ni  /Li  <  0.03 

On a  w* a 

(from  Reference  68)  585 

Asymptotes  of  Aileron-Rudder  Crossfeed  589 

Effect  of  Removing  High-Frequency  Roots  from 
6  Numerators  592 

Typical  Rudder  Time  Histories  for  Zero 

Sideslip  593 

Required  Crossfeed  for  N$  =  0  596 

W3S 

Pilot  Rating  Correlations  When  |Ni  /Li  | 

Is  Small  38  aS  597 

Pilot  Rating  Correlation  with  Crossfeed 

Parameters  600 

Required  Aileron-Rudder  Sequencing  for  Several 

Operational  Aircraft,  SAS/CAS  On  (from 

Reference  227)  603 

Time  History  of  Unrecoverable  Deep  Stall 

Encountered  by  F-16B  (Reference  248)  688 

Anti-Spin  SAS  for  F-16B  (a  >  29  deg)  689 

Departure  Susceptibility  Rating  Versus  Lateral 

Closed-Loop  Divergence  Potential  (from 

Reference  170)  700 

Left  Flat  Spin,  F-4B  (from  Reference  130)  706 

Handling  Qualities  Rating  Scale  Used  to  Define 
Handling  Quality  Levels  714 

RMS  Intensity  vs.  Exceedance  Probability  716 

Comparative  Approximate  Frequency  Regimes  of 
Mission/Aircraft-Centered  and  Atmospheric 
Disturbance  Features  728 

Comparison  of  Horizontal  Gust  Power  Spectral 

Density  for  Dryden  and  von  Karraan  Forms 

Multiplied  by  Frequency  738 


xxix 


LIST  OF  FIGURES  (Continued) 


1  (4.2) 

2  (4.2) 

1  (Appendix  A) 

2  (Appendix  A) 

1  (Appendix  B) 

2  (Appendix  B) 

3  (Appendix  B) 

4  (Appendix  B) 

5  (Appendix  B) 


Roll-Sideslip  Coupling  Parameters-Right 
Rolls 

Roll-Sideslip  Coupling  Parameters-Lef t 
Rolls 

Simplified  Flow  Chart  for  Equivalent 
System  Computer  Program 

Flow  Chart  for  a  Modified  Rosenbrock 
Search  Algorithm 

Envelopes  of  Allowable  Mismatch  (Pitch 
Rate  Response) 

Requirements  for  Short-Term  Pitch  Response 
to  Pitch  Controller  (n^p  vs.  n/a) 

Bandwidth  Requirements 

Roll  Rate  Oscillation  Limitations 

Sideslip  Excursion  Limitations 


PAGE 

759 

760 

771 

772 

791 

794 

798 

812 

822 


XXX 


: 

: 

, 

LIST  OF  TABLES 

! 

PAGE 

| 

l. 

Numerical  Cross-Index  From  MIL  Standard  to 
to  MIL-F-8785C 

i 

3 

2. 

Numerical  Cross-Index  from  MIL-F-8785C  to 

MIL  Standard 

5 

1 

(1.5.1) 

Operational  Flight  Envelope 

30 

1 

(1.6.1) 

Aircraft  Normal  States 

39 

1 

(3.1.5) 

Recommended  Levels  for  Aircraft  Normal  States 

59 

1 

(3. 1.6.1) 

Levels  for  Aircraft  Failure  States 

63 

2 

(3. 1.6.1) 

Recommended  Levels  for  Aircraft  Failure  States 

64 

1 

(3.1.10.2) 

Design  and  Test  Condition  Guidelines 

90 

1 

(3. 2. 1.1) 

Equivalent  Phugoid  Damping  Ratio  Limits 

103 

i 

2 

(3.2. 1.1) 

Equivalent  Short-Period  Damping  Ratio  Limits 

103 

3 

(3.2.1 .1) 

Limits  on  Aircraft  Response  Delay,  Tg 

103 

4 

4 

(3.2. 1.1) 

Examples  of  Variations  in  LOES  Parameters 
with  1/T02  Fixed  and  Free 

111 

5 

(3.2.1.1) 

Lead/Lag  Configurations  with  Level  1  LOES 
and  Level  2  Pilot  Ratings 

118 

| 

1 

(3. 2. 2. 2) 

Classification  of  Some  Known  PIO  Cases 
(from  Reference  225) 

194 

I 

1 

(3.2.9) 

Maximum  Forces  Exerted  on  Aircraft  Control 

Stick  (lbs)  by  Men  and  Women  (Reference  257) 

229 

ft 

1 

(3.2.9. 1) 

Pitch  Maneuvering  Force  Gradient  Limits 

234 

I 

2 

(3.2.9. 1) 

B-l  Experience  with  Stick  Force  Gradients 
(From  Reference  15) 

250 

1 

1 

(3. 2. 9. 4.1) 

Category  A  Control  Configuration  for  T-33 
Sidestick  Evaluations  (Reference  23) 

269 

I 

2 

(3. 2. 9. 4.1) 

Experimental  Test  Points  Used  in  Stdearm 
Controller  Evaluations 

271 

xxxi 

i 

1 

- 

4 

--  ^  J 

LIST  OP  TABLES  (Continued) 


PAGE 

1  (3. 2. 9. 5)  Recommended  Pitch  Axis  Breakout  Forces  (lb)  278 

1  (3. 2. 9. 7. 3)  Recommended  Force  Limits  for  Dives  and 

Recovery  From  Dives  288 

1  (3.3. 1.1)  Guidance  for  Lower  Limit  on  1/Tq2  314 

2  (3. 3. 1.1)  Conversion  of  a^pTg„  to  a  Phase  Angle 

Criterion  315 

1  (3.5. 1.1.1)  Recommended  Maximum  Roll-Mode  Time  Constant 

(Seconds)  348 

1  (3.5.1. 1.2)  Spiral  Stability  —  Recommended  Minimum  Time 

to  Double  Amplitude  365 

1  (3.5. 1.1.3)  Recommended  Maximum  Values  for  Roll-Spiral 

Damping  Coefficient,  CRgu&s  370 

1  (3. 5. 1.1. 5)  Recommended  Allowable  Equivalent  Delay  397 

1  (3.5.7)  Recommended  Minimum  Crosswind  Velocity 

Requirements  411 

1  (3. 5.9.1)  Roll  Performance  for  Class  1  and  11  Airplanes  425 

2  (3. 5. 9.1)  Class  III  Roll  Performance  426 

3  (3. 5.9.1)  Roll  Performance  for  Class  IV  Airplanes  427 

4  (3.5.9. 1)  Flight  Phase  CO  Roll  Performance  in 

360  deg  Rolls  428 

5  (3. 5.9.1)  Flight  Phase  CO  Roll  Performance  428 

6  (3.5.9. 1)  Flight  Phase  GA  Roll  Performance  429 

1  (3.5.10)  Maximum  Forces  Exerted  on  Aircraft  Control 

Stick  (lb)  by  61  Mean  and  61  Women 

(Reference  257)  466 

l  (3.5.10.2)  Recommended  Maximum  Roll  Control  Force  471 

1  (3.5.10.3)  Recommended  Maximum  Roll  Control  Sensitivity  473 

2  (3.5.10.3)  YF-16  Roll  Performance  Characteristics  481 

3  (3.5.10.3)  Descriptions  of  YA-7D  DIGITAC  CAS  Networks  488 


xxx  ii 


LIST  OF  TABLES  (Continued) 


PAGE 


(3.5.10.4) 

Recommended  Allowable  Breakout  Forces  (lb) 

503 

(3. 6. 1.1.1) 

Recommended  Minimum  Dutch  Roll  Frequency  and 
Damping 

520 

(3.6. 1.2.1) 

Recommended  Bandwidth  Limits  for  Wings-Level 
Turn  Mode 

551 

(3. 6. 1.2.1) 

Aircraft  Parameters  Subject  to  Bandwidth 
Limitation  for  Wings-Level  Turn  Mode 

552 

(3.6.2. 1.2) 

Limits  on  6;d(3)  For  |Nfc  /L$  I  <  0.07 
r  1  'jas  '■'as  ( 

582 

(3.6.2. 1.2) 

Ground  Rules  for  Application  of  Rating  Data 
to  Heading  Control  Criteria 

585 

(3.6.2. 1.2) 

Parameters  Defining  the  LOS  Representation 
of  the  Aileron-Rudder  Crossfeed 

588 

(3. 6. 2. 1.2) 

Physical  Interpretation  of  u 

594 

(3. 6. 2. 1.2) 

Summary  of  Current  Data 

601 

(3.6.3. 1) 

Recommended  Minimum  Crosswind  Velocity 
Requirements 

607 

(3.7.1) 

Summary  of  Cooper-Harper  Pilot  Ratings  for 
Lateral  Translation  Mode  (Reference  115) 

657 

(3.8.4) 

Digest  of  Pilot  Comments  on  Specific  Air¬ 
craft  High-AOA  Flying  Chara<  teristics 
(from  Reference  177) 

671 

(3.9.1) 

Definition  of  Levels  When  Levels  Are  Defined 

by  Cooper  Harper  Pilot  Rating  Scale  in 
Paragraph  1.7 

709 

(3.9.1) 

Definition  of  Levels  When  Levels  Are  Defined 
by  Adjectival  Phrases  in  Paragraph  1.7 

710 

(3.9.1) 

Atmospheric  Disturbance  Criteria  for  In- 
Flight  Evaluations 

711 

xxxiil 


LIST  OF  TABLES  (Continued) 


4  (3.9.1) 

1  (3.9.2) 

2  (3.9.2) 

3  (3.9.2) 

4  (3.9.2) 

1  (3.9.4) 

1  (Appendix  B) 

2  (Appendix  B) 

3  (Appendix  B) 

4  (Appendix  B) 

5  (Appendix  B) 

6  (Appendix  B) 

7  (Appendix  B) 

8  (Appendix  B) 

9  (Appendix  B) 

10  (Appendix  B) 

11  (Appendix  B) 

12  (Appendix  B) 

13  (Appendix  B) 

14  (Appendix  B) 


Atmospheric  Disturbance  Definitions  for 
Simulation  and  Flight  Test 

Digital  Filter  Implementation 

Linearized  Gust  Derivative  Terms  in 
Airframe  Dynamics 

Examples  of  Practical  Implemental  Matters 
A  Survey  of  Atmospheric  Disturbance  Models 
Levels  for  Aircraft  Failure  States 
Aircraft  Normal  States 

Allowable  Levels  for  Aircraft  Failure  States 

Design  and  Test  Condition  Guidelines 

Locations  of  Requirements  for  Pitch  Response 
to  Pitch  Controller 

Equivalent  Phugoid  Damping  Ratio  Limits 

Equivalent  Short-Period  Damping  Ratio  Limits 

Limits  on  Aircraft  Response  Delay,  Tg 

Pitch  Maneuvering  Force  Gradient  Limits  — 
Center  Stick  Controllers 

Pitch  Axis  Breakout  Forces  (lb) 

Force  Limits  for  Dives  and  Recovery 
From  Dives 

Roll  Performance 

Flight  Phase  CO  Roll  Performance  in 
360  deg  Rolls 

Flight  Phase  CO  Roll  Performance 
Minimum  Dutch  Roll  Frequency  and  Damping 


PAGE 

712 

721 

727 

734 

736 

744 

777 

782 

785 

792 

792 

793 
793 

802 

804 

805 
816 

816 

817 

821 


xxxiv 


LIST  OF  TABLES  (Continued) 


PAGE 


15 

(Appendix 

B) 

Definition  of  Levels 

833 

16 

(Appendix 

B) 

Atmospheric  Disturbance  Definitions  for 
Simulation  and  Flight  Test 

834 

17 

(Appendix 

a) 

Levels  for  Aircraft  Failure  States 

840 

XXXV 


*%- 


V*-  .  * 


SECTION  -  INTRODUCTION 


1.  SCOPE  OF  THE  REPORT 

- MIL-F-8785C,  Military  Specification  —  Flying  Qualities  of  Piloted 
Airplanes,  has  been  reformatted  into  a  MIL  Standard  and  a  supporting  MIL 
Handbook.  This  report  is  a  draft  of  the  proposed  MIL  Standard,  which 
has  been  developed  by  Systems  Technology,  Inc.,  with  the  McDonnell  Air¬ 
craft  Company  acting  in' a  consulting  role.  It  is  presented  to  industry 
and  the  United  States  armed  forces  for  comments  and  proposed  revisions. 
The  responsibility  for  the  legal  MIL  Standard  and  Handbook  rests  within 
the  armed  forces.  This  draft  will  be  considered  and  form  the  basis  for 
revisions,  industry  and  government  comments  and  a  tri-service  review  in 
the  process  of  developing  the  MIL  Standard  and  Handbook.  Suggest¬ 
ed  values  and  background  information  are  contained  in  this  volume. 

MIL-F-8785C  and  the  backup  documents  to  both  it  and  its  predecessor, 
MIL-F-8785B,  were  reviewed  extensively.  Much  of  the  material  contained 
therein  is  still  considered  to  be  valid  and  relevant  and  has  been 
retained  in  this  document* 

\ 

2.  CONCEPT  OF  MIL  STANDARD  AND  HANDBOOK 

The  MIL  Standard  is  a  skeleton  document  consisting  of  incomplete 
requirements  in  verbal  form  which  are  to  be  completed  by  the  procuring 
activity  using  numerical  criteria  from  the  MIL  Handbook.  A  custom  MIL 
Standard  will  be  developed  for  each  new  aircraft  procurement  or  major 
modification  of  an  existing  aircraft,  as  follows: 

1)  Identify  mission  requirements. 

2)  Break  down  requirements  into  piloting  tasks. 

3)  For  each  paragraph  in  the  MIL  Standard,  select 
the  most  appropriate  handling  quality  criterion 
from  the  MIL  Handbook  and  insert  into  the  Stand¬ 
ard. 
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The  procedure  results  in  a  customized  handling  quality  specification  for 
each  new  aircraft  or  modification  of  an  existing  aircraft.  The  purpose 
of  this  revised  format  is  to  facilitate  tailoring  a  detailed  handling 
quality  specification  to  the  particular  mission  requirements  of  the  air¬ 
craft  being  acquired. 

3.  ORGANIZATION  OF  MIL  HANDBOOK 

The  MIL  Standard  and  Handbook  criteria  are  presented  in  terms  of 
aircraft  response  axes,  which  represents  a  significant  change  from  MIL- 
F-8785C  where  the  criteria  were  presented  in  terms  of  modes.  This 
change  is  to  better  accommodate  highly  augmented  airplanes,  a  primary 
objective  of  the  contract  to  develop  the  new  MIL  Standard  and  Handbook. 
Also,  allowance  is  made  for  responses  in  each  axis  to  "primary," 
"secondary,"  and  "other"  controllers;  and  the  manufacturer  is  free  to 
select  which  controls  are  primary  in  each  axis.  For  example,  in  the 
Advanced  Medium  STOL  Transport  (AMST)  program,  Douglas  selected  throt¬ 
tles  as  the  primary  flight  path  controller  whereas  Boeing  selected  pitch 
attitude. 

Utilizing  the  above  format  results  in  some  requirements  for  which 
there  are,  at  this  time,  no  criteria  sufficiently  developed  to  be  in¬ 
cluded  in  the  specification.  In  such  cases  a  skeleton  paragraph  is 
given  in  the  MIL  Standard  and  the  reasons  for  such  a  requirement  are 
included  in  the  MIL  Handbook. 

Many  readers  will  want  to  locate  corresponding  paragraphs  for  MIL-F- 
8785C  and  the  MIL  Standard  and  Handbook.  Tables  1  and  2  are  given  to 
simplify  such  correlations.  Table  1  cross-references  the  MIL  Standard 
to  MIL-F-8785C,  and  Table  2  relates  8785C  to  the  Standard.  The  corres¬ 
ponding  MIL-F-8785C  paragraphs  are  also  referenced  in  each  MIL  Handbook 
item. 

Paragraph  numbers  are  always  identical  between  the  MIL  Standard  and 
MIL  Handbook. 

"Quality  Assurance"  was  presented  as  Section  4  in  MIL-F-8785C.  We 
felt  that  inasmuch  as  quality  assurance  contains  the  acceptable  methods 
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TABLE  1.  NUMERICAL  CROSS-INDEX  FROM  MIL  STANDARD  TO  MIL-F-8785C 


MIL  STANDARD  RELATED  MIL-F-8785C  MIL  STANDARD  RELATED  MIL-F-8785C 

PARAGRAPH  PARAGRAPH  PARAGRAPH  PARAGRAPH 


1. 1 

1. 1 

3.2.8. 1 

3.2.3. 1 

1.2 

1.2 

3. 2. 8. 2 

3.2. 3.2 

1.3 

1.3,  1.3.1,  3.1.1 

3. 2. 8.3 

3.  2.  3.  3 

1.4 

1.4 

3.  2.  8. 4 

3.  2.  3.  4 

1.5. 1 

3.1.7 

3.  2.8.  5 

3.4. 10 

1.5.2 

3.1.8,  3.1.8. 1,  3.1. 8.2, 

3.  2.  9.1 

3.  2.  2.  2,  3.2.2.  2.1 

3.1. 8. 3,  3.1. 8. 4 

3. 2. 9. 2 

3.2. 2. 3.1,  3.2. 2. 3.2 

1.5.3 

3. 1.9 

3. 2. 9.3 

3.2. 1.1. 2 

1.6.  1 

3.1. 6.1,  4.2 

3. 2. 9.4. 1 

3.2. 2. 2. 2 

1.6.2 

3. 1.6.2 

3.2.9. 4. 2 

3.  2.2.  3.2 

1.6.3 

3. 1.6.2.  1 

3. 2.9. 5 

3.5.2.  1 

1.7 

1.5 

3.  2.  9. 6 

3.  5.2.2 

2 

2.1,  6.8 

3. 2. 9. 7.1 

3. 2. 3. 3. 2 

3. 1. 1 

3.1.2 

3.  2.  9.7. 2 

3.  2.  3.  4.1 

3. 1.2 

3. 1.3 

3.2.9.  7.3 

3.2. 3.5,  3.2. 3.6,  3.6. 1.2 

3.  1.3 

3. 1.4 

3.2.  9.  7.4 

3.2. 3. 7 

3. 1.4 

3. 1.5 

3.2.9.  7.5 

[Reserved] 

3.1. 5.1 

3.1.10.1,  3.8.3,  3. 8. 3.1 

3.2.9.  7.6 

3.5. 5.2 

3. 1.5. 2 

3.1.10.1,  3.8.3,  3. 8. 3.1 

3. 2. 9. 7.7 

3. 5. 6. 2 

3.1. 5.3 

3.1.10.3.3 

3.2. 9.8 

3.6.1 

3. 1.5.4 

3.1.10.3.1 

3. 2. 9. 8. 1 

3.6. 1.2 

3.  1.6 

4.  1.  1.1 

3.2. 9. 8. 2 

3.  6.1.  3 

3.  1.6.  1 

3.1.10.2, 

3. 2. 9.8. 3 

3.6. 1.4 

3.  1.6.2 

3.  1.10.2.  1 

3.2.10.1 

3.  2.  3.  3.2 

3.  1.7 

3.4.  1 

3.2.  10.2 

3. 2. 2. 2,  3.2. 2. 2. 2 

3. 1.7. 1 

3- 4.1.1 

3.2.10.3 

3.  5.  2.  3 

3. 1.7.2 

3.4. 1.2 

3. 3.1.1 

New 

3.  1.8 

3.1.11 

L 

3.  2. 1.3 

3.1.9 

3.  1.  12 

3. 3. 1.2.1 

New 

3.1.10.1 

4.1,  4.1.2,  4.1.3 

3.  3.2 

3.6.2 

3.1.10.2 

4.1,  4.2.1,  4.2.2,  4.3.1, 

3.3.3.  1 

3.4.6,  3.4.7,  3.4.8 

4.3.2 

3.3.  3.2 

3.4.9 

3.2.  1.1 

3.2. 1.2,  3.2.2. 1, 

3. 3. 4.1 

New 

3. 2. 2. 1.1,  3. 2. 2. 1.2, 

3.  3.  4.2 

New 

3.5.3 

3.3.5 

3. 5. 2.1 

3.2.  1.2 

New 

3.3.6 

New 

3.2.  1.3 

■V 

3.4.  1 

3.2. 1.1 

3.2.2. 1 

■  ,'W 

3.4.  1. 1 

3.2.  1.  1. 1 

3. 2. 2. 2 

3. 2. 2. 3 

3.4.2 

New 

3.2.3 

3. 2. 2. 1.3 

3.  A.  3 

New 

3.2.4 

New 

3.  A.  A 

3.4.6,  3.4.7,  3.4.8,  3.4.9 

3.2.5 

3.6.  2 

3.4.5 

3. 5. 2.1 

3.2.6 

[No  Requirement] 

3.4.6 

New 

3.2.  7. 1 

3.6.3 

3.5. 1.  1.1 

3. 3. 1.2 

3. 2. 7. 2 

3.4.8,  3.4.9,  3. 5. 5.1 

3.5.  1.  1.2 

3.3.  1.  3 

3.2.  7.3 

3.5.6,  3. 5. 6.1 

3.  5. 1.1. 3 

3.  3. 1.  A 

3. 2. 7.4 

3.  A.  6 

3.  5.  1.  1.  A 

3.  3.2.2.  1 

3.  2.7.5 

3.  A.  7 

3.5.  1.  1.5 

3.  5.  3 

3.2.  7.6 

3.4.5 

3.  5.  1.2 

New 

TABLE  1.  (Concluded) 


MIL  STANDARD 

RELATED  MIL-F-8785C 

MIL  STANDARD 

RELATED  MIL-F-8785C 

PARAGRAPH 

PARAGRAPH 

PARAGRAPH 

PARAGRAPH 

3.5.2 

3.3.3 

3.  6.  5.1 

3. 3. 7.1,  3.3. 7. 2, 

3.5.3 

3. 3. 1.1 

3. 3. 7.2.1,  3. 3. 7.2. 2, 

3.5.4 

3. 3. 4. 4 

3.3.  7.3 

3.5.5 

New 

3.6.  5.2 

3.  3.9.  5 

3.5.6 

3.3.6,  3. 3. 6. 2,  3. 3. 6. 3, 

3.6.5.  3 

3. 3. 5. 1.1 

3. 3. 6.3.1,  3. 3. 6. 3.2 

3. 6. 5. 4 

3.4.6,  3.3.4. 1.2 

3.5.7 

- 

3-3.7 

3. 6.5. 5 

3.4. 10 

3.5.8. 1 

3. 3. 9.3 

3.6.6 

3.3.5 

3.  5.8.2 

3.4.8,  3.4.9,  3. 5. 5.1 

3.6.6. 1 

3.3.6,  3.3.6. 1 

3. 5. 8. 3 

3.5.6,  3. 5. 6.1 

3. 6. 6. 2.1 

3. 3. 7. 5 

3. 5. 8.4 

3.4.6 

3.  6.  6.  2.  2 

3.  3.2.6 

3. 5. 8. 5 

3.4.7 

3.  6.6. 2. 3 

3.3.5. 1 

3.  5.9. 1 

3.3.4,  3-3.4. 1,  3.3. 4. 1.1, 

3. 6. 6. 2. 4 

3.3.  7 

3. 3. 4. 1.2,  3.3.4. 2 

3. 6. 6. 2. 5 

"  ' "  — . 

3. 3. 5. 1.1 

3.  5.  9. 2 

3. 3. 6. 3. 2 

3. 6. 6. 2. 6 

3.  3.8 

3. 5. 9. 3 

3. 3. 7.1,  3- 3. 7. 2,  3.3. 7. 3, 

3.  6.  6.  2.  7 

3.  3.  5.2 

3.3.9 

3. 6.6.2. 8 

3. 3. 9.1,  3. 3. 9. 2 

3.  5.  9. 4 

3. 3. 9. 2 

3. 6. 6. 2. 9 

3. 5. 5. 2 

3. 5. 9. 5 

3.  3.8 

3.6.6.2.10 

3. 5. 6. 2 

3. 5. 9. 6 

3-4.6,  3.3.4. 1.2 

3.7.1 

3.4.  11 

3. 5.9. 7 

3. 3. 9. 5 

3.8. 1 

3-4.3 

3. 5. 9.8 

3.4.10 

3.8.2 

3.4.4 

3-5.10.1 

3. 3. 4. 5 

3-8.3 

3.4.4.  1 

3.  5. 10.2 

3. 3. 4. 3 

3.8.4 

3.4.2 

3.5.10.3 

3.  3.  4. 1.3 

3.8.4.  1 

3.4.  1.  1 

3.5.10.4 

3. 5. 2.1 

3. 8. 4. 2 

3.4.2. 1 

3.5.  10.5 

3. 5. 2. 2 

3. 8.4. 2.  1 

3.4.2. 1.1,  3. 4. 2. 1.1.1, 

3-5.10.6-1 

3. 3. 2. 6 

3. 4. 2. 1.1. 2 

3.5.  10.6.2 

3.3.8 

3- 8. 4. 2. 2 

3.4.2.  1.2 

3.5.10.6.3 

3.  3.  7 

3.8.4. 2. 3 

3.4.2.  1.3 

3.  5.  10.6.4 

3. 3. 7.1 

3- 8. 4. 2. 4 

3. 4. 2. 1.3.1 

3.5.10.6.5 

3. 3. 9. 2,  3. 3. 9. 4 

3.8.4.  3 

3. 4. 2. 2 

3.5.10.6.6 

3. 5. 6. 2 

3.8.4. 3.1 

3. 4. 2. 2.1 

3. 6. 1.1.1 

3.  3. 1.1 

3. 8.4. 3. 2 

3. 4. 2. 2. 2 

3.6.  1.  1.2 

3.3.6,  3. 3. 6.1 

3-9.1 

3.8 

3.6.  1.2 

New 

3.9.2 

3.7.1,  3.7.2,  3.7.3,  3.7.4 

3.6.  1.2.  1 

3.4.  11 

3-9.3 

3.  7.5 

3. 6. 2.  1.1 

3. 3. 2. 4,  3. 3. 2. 4.1 

3-9.4 

3. 8. 3. 2 

3.6.2.  1.2 

New 

4.  1 

6.1 

3. 6. 2.2 

.3.3.3 

4.2 

6.2 

3.6.2.  3 

3.  3.  1.  1 

4.2.  1 

6.2. 1 

3.6.  3. 

3.  3.  7 

4.2.2 

6.2.2 

3.6.4. 1 

3.3.9,  3. 3.9.1,  3. 3.9. 2, 

4.2.3 

6.2.3 

3. 3. 9. 3,  3. 3. 9. 4 

4.2.4 

6.2.4 

3. 6. 4. 2 

3.4.8,  3.4.9,  3. 5. 5.1 

4.2.5 

6.  2.  5 

3.  1.6.4.  3 

3.5.6,  3. 5. 6.1 

4-2.6 

6.2.6 

3. 6. 4. 4 

3.4.6 

4.  2.  7 

6.2.  7 

3.6.4. 5 

3.4.  7 

4.2.8 

6.  2.8 

3.6.5 

3.3.5 

4.3 

6.4 

4.4 

6.5 

TABLE  2.  NUMERICAL  CROSS-INDEX  FROM  MIL-F-8785C  TO  MIL  STANDARD 


MIL-F-8785C 

PARAGRAPH 

MIL-F -8785C  PARAGRAPH  TITLE 

CORRESPONDING  MIL 
STANDARD  AND  HANDBOOK 
PARAGRAPHS 

1.1 

Scope 

1. 1 

1.2 

Application 

1.2 

1.3 

Classification  of  Airplanes 

1.3 

1.3.1 

Land-  or  Carrier-Based  Designation 

1.3 

1.4 

Flight  Phase  Categories 

1.4 

1.5 

Levels  of  Flying  Qualities 

1.7 

2.1 

Issues  of  Documents 

2.0 

3.  1.1 

Operational  Missions 

1.3 

3. 1.2 

Loadings 

3.1.1 

3. 1.3 

Moments  and  Products  of  Inertia 

3.  1.2 

3.  1.4 

External  Stores 

3. 1.  3 

3. 1.5 

Configurations 

3.  1.4 

3.  1.6 

State  of  the  Airplane 

1.6 

3. 1.6.1 

Airplane  Normal  States 

1.6.1 

3. 1.6.2 

Airplane  Failure  States 

1.6.2 

3.  1.6.2. 1 

Airplane  Special  Failure  States 

1.6.3 

3.1.7 

Operational  Flight  Envelopes 

1.5.1 

3.1.8 

Service  Flight  Envelopes 

1.5.2 

3.1. 8.1 

Maximum  Service  Speed 

1.5.2 

3.  1.8.2 

Minimum  Service  Speed 

1.5.2 

3.1. 8.3 

Maximum  Service  Altitude 

1.5.2 

3. 1.8.4 

Service  Load  Factors 

1.5.2 

3.1.9 

Permissible  Flight  Envelopes 

1.5.3 

3. 1. 10 

Application  of  Levels 

3.1.5,  3.1.6 

3.1.10.1 

Requirements  for  Airplane  Normal  States 

3.1. 5. 1,  3.1. 5.2 

3.1.10.2 

Requirements  for  Airplane  Failure  States 

3.1.6,  3.1. 6.1 

3-1.10.2.1 

Requirements  for  Specific  Failures 

3.1.6,  3.1. 6.2 

3.1.10.3.1 

Ground  Operation  and  Terminal  Flight  Phases 

3.1. 5.4 

3.  1.10.3.2 

When  Levels  Are  Not  Specified 

No  Corresponding 
Requirement 

3.1.10.3.3 

Flight  Outside  the  Service  Flight  Envelope 

3.  1.5.3 

3. 1. 11 

Interpretation  of  Subjective  Requirements 

3.  1.8 

3.1.12 

Interpretation  of  Quantitative  Requirements 

3.1.9,  3.2. 1.1 

3.2.  1. 1 

Longitudinal  Static  Stability 

3.4. 1 

3.2. 1.  1.1 

Relaxation  in  Transonic  Flight 

3.4. 1.1 

3.2. 1. 1.2 

Pitch  Control  Force  Variations  During  Rapid 

Speed  Changes 

3. 2. 9.3 

3.2. 1.2 

Phugoid  Stability 

3.  2. 1.1 

3.2.  1.3 

Flight-Path  Stability 

3.3.  1.2 

3.2.2.  1 

Short-Period  Response 

3.  2. 1.1,  3.9 

TABLE  2  (Continued) 


MIL-F-8785C 

PARAGRAPH 

MIL-F-8785C  PARAGRAPH  TITLE 

CORRESPONDING  MIL 

STANDARD  AND  HANDBOOK 
PARAGRAPHS 

3.2.2. 1.1 

Short-Period  Frequency  and  Acceleration  Sensi¬ 
tivity 

3.2. 1.1 

3.2.2. 1.2 

Short-Period  Damping 

3. 2.1.1 

3.  2.  2.1. 3 

Residual  Oscillations 

3.2.3 

3.  2.  2.  2 

Control  Feel  and  Stability  in  Maneuvering 

Flight  at  Constant  Speed 

3.2. 9.1,  3.2.10.2 

3.  2.  2.  2. 1 

Control  Forces  In  Maneuvering  Flight 

3. 2. 9.1 

3.  2.  2.  2. 2 

Control  Motions  in  Maneuvering  Flight 

3.2. 9. 4.1,  3.2.10.2 

3.2. 2. 3 

Longitudinal  Pilot-Induced  Oscillations 

3.2.2. 1,  3.2. 2.2 

3.  2.  2.  3.1 

Dynamic  Control  Forces  in  Maneuvering  Flight 

3. 2.9.2 

3. 2. 2. 3.2 

Control  Feel 

3.2. 9.2,  3.2. 9.4. 2 

3. 2. 3.1 

Longitudinal  Control  in  Unaccelerated  Flight 

3.  2.  8.1 

3.  2.  3.  2 

Longitudinal  Control  in  Maneuvering  Flight 

3.  2. 8.2 

3.  2.  3.  3 

Longitudinal  Control  in  Takeoff 

3.2.8.  3 

3.  2.  3.  3.1 

Longitudinal  Control  in  Catapult  Takeoff 

No  Corresponding 

Requirement 

3.2.3.  3.2 

Longitudinal  Control  Force  and  Travel  in 

Takeoff 

3.2. 9.7.1,  3.2.10.1 

3. 2. 3.4 

Longitudinal  Control  in  Landing 

3.  2. 8. 4 

3.  2.  3. 4.1 

Longitudinal  Control  Forces  in  Landing 

3. 2. 9. 7. 2 

3. 2. 3. 5 

Longitudinal  Control  Forces  In  Dives 

Service  Flight  Envelope 

3.  2. 9.7. 3 

3. 2. 3. 6 

Longitudinal  Control  Forces  in  Dives 

Permissible  Flight  Envelope 

3.2.9.  7.3 

3. 2. 3. 7 

Longitudinal  Control  in  Sideslips 

3.2.9.  7.4 

3.  3.1.1 

Lateral-Directional  Oscillations  (Dutch  Roll) 

3.5.3,  3.6.1. 1. 1,  3. 6.2.3 

3.3. 1.2 

Roll  Mode 

3.  5.1. 1.1 

3.  3.1.3 

Spiral  Stability 

3. 5.1. 1.2 

3.3.  1.4 

Coupled  Roll-Spiral  Oscillation 

3.  5.1. 1.3 

3.3.2 

Lateral-Directional  Dynamic  Response 

Character  1st les 

No  Corresponding 

Paragraphs 

3.  3.  2.1 

Lateral-Directional  Response  to  Atmospheric 
Disturbances 

3.9 

3. 3. 2. 2 

Roll  Rate  Oscillations 

No  Corresponding  Require¬ 
ment  (See  3«5.1«1*4) 

3.  3.  2.  2.1 

Additional  Roll  Rate  Requirement  for 

Small  Inputs 

3.5.  1. 1.4 

3. 3.2. 3 

Bank  Angle  Oscillations 

No  Corresponding  Require¬ 
ment  (See  3<5«1<1*4) 

3.  3.2. 4 

Sideslip  Excursions 

3.6. 2. 1.1 

3. 3. 2. 4.1 

Additional  Sideslip  Requirement  for  Small 

Inputs 

3. 6.2. 1.1 

3. 3. 2. 5 

Control  of  Sideslip  in  Rolls 

3. 6. 6. 2.1 

3.  3.  2.6 

Turn  Coordination 

3.5.10.6.1,  3. 6.6.2. 2 

TABLE  2  (Continued) 


MIL-F -8785C 
PARAGRAPH 

MIL-F -8 785C  PARAGRAPH  TITLE 

CORRESPONDING  MIL 

STANDARD  AMD  HANDBOOK 
PARAGRAPHS 

3.  3.3 

Pilot-Induced  Oscillations 

3.5.2.  3. 6.  2.  2 

3.3.4 

Roll  Control  Ef fectlveness 

3.5.9. 1 

3.  3.  4.1 

Roll  Performance  for  Class  IV  Airplanes 

3.  5.9.1 

3.3.4. 1. 1 

Roll  Performance  in  Flight  Phase  CO 

3.5.9. 1 

3.  3.4. 1.2 

Roll  Performance  in  Flight  Phase  GA 

3.5.9. 1,  3. 5. 9. 6,  3. 6. 5. 4 

3.3.4.  1.3 

Roll  Response 

3.5. 10.3 

3.  3.  4. 2 

Roll  Performance  for  Class  III  Airplanes 

3.  5.  9.1 

3.  3.4.  3 

Roll  Control  Forces 

3.5.10.2 

3.  3.  4. 4 

Linearity  of  Roll  Response 
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for  demonstrating  compliance  with  the  requirement,  it  belongs  in  the 
Requirements  section  along  with  all  other  pertinent  definitions,  i.e., 
allowable  Levels,  Failure  States,  configurations,  etc. 

4.  LEVELS  OF  FLYING  QUALITIES 

Two  definitions  of  flying  qualities  which  are  related  but  not 
exactly  equivalent  are  given  in  the  Handbook  —  the  definitions  from 
MIL-F-8785C  and  the  Cooper-Harper  scale.  The  Cooper-Harper  scale  is 
included  as  an  alternative  to  account  for  the  fact  that  all  existing 
quantitative  boundaries  are  based  on  fairing  the  3-1/2  (»  Level  1)  and 
6-1/2  (=  Level  2)  ratings.  It  therefore  seems  reasonable  to  use  the 
same  scale  when  establishing  flying  quality  levels  by  flight  or  simula¬ 
tor  demonstrations.  Additionally,  use  of  the  Cooper-Harper  scale  forces 
a  definition  of  the  specific  flying  quality  task  elements  for  each  mis¬ 
sion.  The  existing  MIL-F-8785C  adjectival  definitions  of  Levels  has  been 
retained  as  an  alternative.  These  definitions  can  be  applied  inter¬ 
changeably  at  the  discretion  of  the  procuring  activity.  However,  use  of 
the  Cooper-Harper  scale  is  strongly  encouraged  because  it  will  result 
in: 

•  More  rigorous  task  definitions  by  the  testing 
activity. 

•  A  data  base  generated  for  each  new  aircraft  which 
is  usable  to  develop  new,  and  refine  existing, 
criteria. 

•  More  raeanlngul  comments  in  defense  of  the  rat¬ 
ings. 

5.  ATMOSPHERIC  DISTURBANCES 

It  is  well  known  that  atmospheric  disturbances  play  a  major  role  in 
distinguishing  between  good  and  bad  flying  qualities.  We  have  attempted 
to  account  for  this  by  developing  a  standardized  model  of  "Moderate" 
turbulence  to  be  used  when  demonstrating  compliance  via  simulation. 
This  model  consists  of  a  specific  rms  random  gust  component,  a  set  of 
critical  wind  shears,  and  steady  crosswinds  for  landing.  It  is  a 
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relatively  simple  model  that  is  specifically  oriented  toward  exposing 
handling  quality  deficiencies.  Detailed  information  is  given  for 
mechanizing  the  model  on  a  digital  computer. 

A  new  scale  is  proposed  for  identifying  allowable  degradations  in 
handling  qualities  in  specifically  defined  atmospheric  disturbances. 
Finally,  a  scale  is  also  given  as  a  guideline  to  allow  test  pilots  to 
specify  the  magnitude  of  turbulence  encountered  in  flight. 

6.  REVISED  AMD  NEW  CRITERIA 

The  scope  of  this  effort  did  not  allow  a  significant  amount  of  cri¬ 
teria  development.  In  fact,  the  guidelines  were  to  utilize  only  exist¬ 
ing  criteria  in  the  literature  with  minor  refinements  as  required.  It 
was  clearly  necessary  to  carefully  pick  and  choose  what  areas  deserved 
the  most  attention.  It  was  decided  to  concentrate  on  development  of 
criteria  that  would  be  specifically  applicable  to  highly  augmented  air¬ 
craft,  reflected  in  part  by  the  results  of  an  informal  industry  survey 
taken  at  the  1981  AIAA  Atmospheric  Flight  Mechanics  Conference.  This 
survey  indicated  unanimous  agreement  that  one  of  the  major  weaknesses  of 
MIL-F-8785C  is  that  many  of  the  requirements  are  not  easily  applied  to 
highly  augmented  aircraft. 

The  following  paragraphs  include  significant  revisions  to  the  MIL-F- 
8785C  requirements  that  appear  in  the  Standard  and  Handbook  either  in. 
terms  of  new  criteria,  revised  criteria,  or  simply  the  addition  of  guid¬ 
ance  for  application. 

MIL  Standard 

Paragraph  _ Title _ 

3.1.5  Allowable  Levels  for  Aircraft  Normal  States 

3.1.6  Allowable  Levels  for  Aircraft  Failure  States 

3.2.1  Pitch  Attitude  Response  to  Pitch  Controller 

3.2.2  Pilot-Induced  Pitch  Oscillations 

3. 2. 9. 4  Control  Force  Versus  Control  Deflection 

3.5.1  Roll  Response  to  Roll  Controller 

3. 6. 1.2  Yaw  Axis  Bandwidth  Requirements 

3.6.2.  Yaw  Response  to  Roll  Controller 
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3.7.1  Bandwidth  Requirement  for  Lateral  Translation 

3.8.4  Flight  at  High  Angle  of  Attack 

3.9  Handling  Quality  Requirements  in  Atmospheric 

Disturbances 

3.9.1  Allowable  Flying  Quality  Degradations  in 
Atmospheric  Disturbances 

3.9.2  Definition  of  Atmospheric  Disturbance  Form 

3.9.3  Application  of  Disturbance  Models  in  Analyses 

7.  LOWER-ORDER  EQUIVALENT  SYSTEM  FITTING  PROGRAM 

The  use  of  lower-order  equivalent  systems  in  the  MIL  Handbook 
requires  a  computer  program  to  fit  the  lower-order  form  to  the  higher- 
order  system.  In  fact,  Paragraph  3. 2. 1.1  refers  to  such  a  program  as 
appearing  in  "Appendix  A."  The  program  being  referred  to  was  written  at 
the  McDonnell  Aircraft  Company  in  St.  Louis  and  also  exists  in-house  at 
AFWAL/FIGC  and  NADC.  While  it  was  originally  intended  to  include  a 
listing  of  this  program  in  Appendix  A,  further  consideration  deemed  this 
to  be  impractical,  primarily  due  to  the  problems  associated  with  com¬ 
patibility  of  software  on  various  computers.  As  an  alternative,  we  have 
elected  to  provide  a  reasonably  detailed  description  of  the  basic  algor¬ 
ithms  required  to  perform  fitting  of  lower-order  equivalent  systems. 

8.  EXAMPLE  MIL  STANDARD 

An  example  MIL  Standard  for  a  representative  airplane  appears  in 
Appendix  B.  This  Standard  consists  of  the  proposed  MIL  Standard  of 
Volume  I,  with  the  blanks  filled  in  using  recommended  Handbook  require¬ 
ments.  It  is  not  meant  to  represent  a  procurement  document  for  any 
existing  or  proposed  airplane,  but  is  included  to  illustrate  the  proce¬ 
dures  involved  in  applying  the  MIL  Standard  and  Handbook  concept. 
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SECTION  1 


1.  SCOPE  AND  OPERATIONAL  OBJECTIVES 

DISCUSSION 

This  section  of  the  specification  has  been  used  to  define  a  general 
framework  that  permits  tailoring  each  requirement  according  to: 

1)  The  kind  of  aircraft  (Mission  Class) 

2)  The  job  to  be  done  (Flight  Phase  and  Envelope) 

3)  How  well  the  job  must  be  done  (State  and  Level) 

The  framework  then  comprises  these  paragraphs: 

1.1  Scope 

1.2  Application 

1.3  Classification  of  Aircraft  (Mission) 

1.4  Flight  Phase  Categories 

1.5  Flight  Envelopes 

1.6  Aircraft  States 

1.7  Levels  of  Flying  Qualities 

In  the  following  paragraphs  each  of  these  elements  is  defined  and  dis¬ 
cussed  . 
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1.1 


SCOPE 


A.  REQUIREMENT 


1.1  Scope .  This  specification  contains  the  requirements  for  the 
flying  and  ground  handling  qualities  of  a  U.S.  military  aircraft.  It  is 
intended  to  assure  flying  qualities  for  adequate  mission  performance  and 
flight  safety  regardless  of  the  design  implementation  or  flight  control 
system  augmentation. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


1.1 


C.  DISCUSSION 

The  scope  is  essentially  unchanged  from  that  of  MIL-F-8785C.  The 
requirements  are  not  aimed  at  unconventional  aircraft  such  as  helicop¬ 
ters,  V/STOL,  or  re-entry  vehicles,  but  many  of  the  requirements  may  be 
found  to  apply  reasonably  well  to  those  aircraft  in  specific  instances. 
Separate  flying  qualities  specifications  are  being  prepared  for  these 
vehicles.  The  emphasis  is  now  to  be  on  the  complete  aircraft,  including 
flight  control  system  augmentation. 
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1.2 


APPLICATION 


A.  REQUIREMENT 


1.2  Application.  The  flying  qualities  of  the  aircraft  proposed  or 
contracted  for  shall  be  in  accordance  with  this  specif icatlon.  The 
requirements  are  written  in  terms  of  the  axis  of  vehicle  motion  and 
include  all  aspects  of  control  for  that  axis,  as  well  as  vehicle  re¬ 
sponses  to  other  inputs,  e.g.,  turbulence,  store  release,  etc.  This 
approach  therefore  includes  requirements  for  other  (i.e.,  secondary) 
methods  of  control  for  a  given  axis  (DLC,  speed  brakes,  etc.).  The 
requirements  apply,  as  stated,  to  the  combination  of  airframe  and 
related  subsystems.  This  includes  stability  augmentation  and  flight 
control  systems  (automatic  and/or  manual),  when  provided. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


1.2 


C.  DISCUSSION 

The  flying  qualities  of  the  proposed  or  contracted  aircraft  shall  be 
in  accordance  with  the  provisions  of  the  MIL  Standard.  The  requirements 
apply  as  stated  to  the  combination  of  airframe  and  related  subsystems. 
Stability  augmentation  and  control  augmentation  are  specifically  to  be 
included  when  provided  in  the  aircraft.  The  change  here  pertains  to  the 
way  in  which  the  requirements  are  now  written,  i.e.,  by  axis  as  opposed 
to  the  flight  controls. 

Additional  or  alternative  requirements  imposed  by  the  procuring 
activity  are  contained  in  the  Standard. 


1.3 


AIRCRAFT  CLASSIFICATION  AND  OPERATIONAL  MISSIONS 


A.  REQUIREMENT 

1.3  Aircraft  Classification  and  Operational  Missions.  For  the  pur¬ 
pose  of  this  Standard,  the  aircraft  specified  in  this  requirement  is  to 

accomplish  the  following  missions:  _ .  The  aircraft  thus 

specified  will  be  a  Class  _  aircraft. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

1.3,  1.3.1,  3. 1.1 

C.  DISCUSS ION /APPLICATION 
1.  Mission 

Unfortunately,  the  word  "mission"  is  used  in  several  contexts  not 
only  in  this  specif lcation,  but  throughout  the  writings  pertinent  to 
acquiring  a  new  weapon  system.  In  the  broadest  sense,  "operational 
missions"  applies  to  classifying  the  aircraft  as  fighter,  bomber,  recon¬ 
naissance,  etc.,  or  as  in  "accomplishing  the  mission"  of  bombing,  straf¬ 
ing,  etc.  In  1.3  the  object  is  to  introduce  to  the  designer  in  general 
terras  the  function  of  the  vehicle  he  is  to  design.  It  should  be  suffi¬ 
cient  for  the  procuring  activity  to  refer  to  those  paragraphs  of  the 
Handbook  to  define  the  overall  performance  requirements,  the  operational 
requirements,  employment  and  deployment  requirements. 

The  operational  missions  considered  should  not  be  based  on  just  the 
design  mission  profiles.  However,  such  profiles  serve  as  a  starting 
point,  for  determining  variations  that  might  normally  be  expected  in 
service  encompassing  ranges  of  useful  load,  flight  time,  combat  speed 
and  altitude,  in-flight  refueling,  etc.,  to  define  the  entire  spectrum 
of  intended  operational  use.  "Operational  missions"  include  training 
missions . 

The  intended  use  of  an  aircraft  must  be  known  before  the  required 
configurations,  loadings,  and  the  Operational  Flight  'Envelopes  can  be 
defined,  and  the  design  of  the  aircraft  to  meet  the  requirements  of  this 
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specification  can  be  undertaken.  If  additional  missions  are  foreseen  at 
the  time  the  detail  specification  is  prepared,  it  is  the  responsibility 
of  the  procuring  activity  to  define  the  operational  requirements  to 
include  these  missions.  Examples  of  missions  or  capabilities  that  have 
been  added  later  are  in-flight  refueling  (tanker  or  receiver),  aerial 
pickup  and  delivery,  low-altitude  penetration  and  weapon  delivery,  and 
ground  attack  for  an  air-superiority  fighter  or  vice  versa. 

The  foregoing  discussion  serves  to  emphasize  the  importance  of  the 
intended  use  of  the  aircraft  and  the  impact  this  has  on  the  configura¬ 
tions,  loadings,  and  Operational  Flight  Envelopes  for  which  the  aircraft 
is  to  be  designed.  Once  the  intended  uses  or  operational  missions  are 
defined,  a  Flight  Phase  analysis  of  each  mission  must  be  conducted. 
With  the  Flight  Phases  established,  the  configurations  and  loading 
states  which  will  exist  during  each  Phase  can  be  defined. 

2.  Aircraft  Classification  and  Operational  Missions 

a.  Classification  of  Aircraft 


An  aircraft  is  placed  in  one  of  the  following  Classes: 

Class  I:  Small  light  aircraft  such  as: 

Light  utility 
Primary  trainer 
Light  observation 

Class  II:  Medium  weight,  low-to-raedium  maneuverability 

aircraft  such  as: 

Heavy  utility/search  and  rescue 
Light  or  medium  transport/cargo/tanker 
Early  warning/electronic  countertaeasures/ 
airborne  command,  control,  or  communica¬ 
tions  relay 
Antisubmarine 
Assault  transport 
Reconnaissance 
Tactical  bomber 
Heavy  attack 
Trainer  for  Class  II 
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Class  III:  Large,  heavy,  lov-to-medium  maneuverability 
aircraft  such  as: 

Heavy  transport/cargo/tanker 
Heavy  bomber 

Patrol/early  warning/electronic  counter- 
raeasures/alrborne  command,  control,  or 
communications  relay 
Trainer  for  Class  III 

Class  IV:  High-maneuverability  aircraft  such  as: 

Fighter- interceptor 
Attack 

Tactical  reconnaissance 

Observation 

Trainer  for  Class  IV 

The  procuring  activity  will  assign  an  aircraft  to  one  of  these  Classes, 
and  the  Handbook  requirements  for  that  Class  are  meant  to  apply.  When 
no  Class  is  specified  in  the  requirement,  the  requirement  is  meant  to 
apply  to  all  Classes.  When  operational  missions  so  dictate,  an  aircraft 
of  one  Class  should  be  required  by  the  procuring  activity  to  meet 
selected  requirements  ordinarily  specified  for  aircraft  of  another 
Class . 

The  letter  -L  following  a  Class  designation  identifies  an  aircraft 
as  land-based;  carrier-based  aircraft  are  similarly  identified  by  -C. 
When  no  such  differentiation  is  made  in  a  requirement,  the  requirement 
is  meant  to  apply  to  both  land-based  and  carrier-based  aircraft. 

The  classification  scheme  simplifies  mission  definition-  Basically, 
the  four  Classes  are  related  qualitatively  to  maximum  design  gross 
weight  and  symmetrical  flight  limit  load  factor  at  the  basic  flight 
design  gross  weight,  as  shown  in  Figure  1. 

The  presentation  of  Figure  1  makes  it  obvious  that  highly  maneuver- 
able  aircraft  such  as  fighter  and  attack  types,  together  with  certain 
trainer  and  observation  craft,  should  be  designed  for  high  limit  load 
factor.  These  vehicles  tend  to  group  in  the  weight  range  from  5000  to 
100,000  lb.  There  are  a  few  small,  lightweight  trainers  and  observation 
aircraft  which  are  also  designed  for  fairly  high  load  factors,  which 
could  be  in  either  Class  I  or  Class  IV.  Classification  of  these  air¬ 
craft  should  be  on  the  basis  of  more  detailed  information  about  the 


Figure  1  (1.3).  Classification  of  Aircraft  (from  Reference  11) 


intended  use;  or,  alternatively,  the  detail  specification  should  be  com¬ 
posed  of  requirements  selected  from  those  stated  for  both  of  these 
Classes  in  the  MIL  Handbook.  Figure  1  also  illustrates  that  all  other 
aircraft  are  required  to  be  designed  for  a  limit  load  factor  of  less 
than  4  g,  and  that  current  aircraft  span  the  weight  range  from  1000  to 
almost  1,000,000  lb.  In  addition,  there  may  be  significant  differences 
in  the  way  each  vehicle  responds  to  atmospheric  turbulence  or  wind 
shear.  Another  factor  of  possible  significance  is  the  location  of  the 
pilot  in  the  vehicle  relative  to  the  center  of  gravity  and  the  extremi¬ 
ties  of  the  vehicle.  The  location  of  the  pilot  in  the  vehicle  affects 
the  motions  and  riding  qualities.  If  the  effect  of  each  of  these 
factors  on  handling  or  flying  qualities  were  fully  understood  and  a 
sufficient  data  base  existed,  then  the  quantitative  requirements  could 
be  stated  as  mathematical  or  empirical  functions  of  the  significant 
factors,  and  there  would  be  no  need  for  any  classification  breakdown  to 
accommodate  these  effects  in  the  specification  requirements. 

It  should  also  be  recognized  that  as  vehicles  become  larger,  prac¬ 
tical  design  considerations  may  dictate  compromises  between  the  degree 
of  maneuverability  and  the  values  of  flying  qualities  parameters  that 
are  desirable  and  what  can  be  accepted,  through  relaxation  of  opera¬ 
tional  requirements  or  through  modification  of  operational  procedures  or 
techniques . 

How  best  to  handle  the  factors  discussed  above  is  not  completely 
clear  at  this  time.  Ideally  the  requirements  should  be  expressed  as 
mathematical  functions  of  the  significant  factors.  The  current  state  of 
knowledge  and  the  experimental  data  available  do  not  permit  this,  so  it 
is  necessary  to  make  the  relatively  arbitrary  Class  definition.  Further 
research  into  possible  scaling  parameters,  simulation  study,  and  opera¬ 
tional  experience  is  required  in  this  area. 


1.4 


FLIGHT  PHASE  CATEGORIES 


A.  REQUIREMENT 

1.4  Flight  Phase  Categories.  To  accomplish  the  mission 
requirements  the  following  general  Flight  Phase  categories  are  involved: 

_ .  Special  Flight  Phases  to  be  considered 

are:  _ . 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


1.4 


C.  DISCUSSION /APPLICATION 

Experience  with  airplane  operations  indicates  that  certain  Flight 
Phases  require  more  stringent  values  of  flying  qualities  parameters  than 
do  others  (e.g.,  air-to-air  combat  requires  more  dutch  roll  damping  than 
does  cruising  flight).  Also,  a  given  mission  Flight  Phase  will  gener¬ 
ally  have  an  Aircraft  Normal  State  associated  with  it  (e.g.,  flaps  and 
gear  down  for  landing  approach  and  up  for  cruising  flight).  In  many 
instances,  therefore,  the  flying  qualities  specification  should  state 
requirements  as  a  function  of  mission  Flight  Phase.  This  degree  of 
breakdown  gives  the  designer  additional  guidance  in  optimizing  his 
design  so  that  each  Aircraft  State  has  adequate  flying  qualities  for  the 
tasks  to  be  performed  while  the  aircraft  is  in  that  State. 

In  flight  and  simulator  evaluations,  pilots  generally  rate  a  set  of 
flying  qualities  on  suitability  for  a  given  mission  segment  like  one  of 
these  Flight  Phases.  The  pilots  assign  an  overall  rating,  based  on 
ability,  or  effort  required,  to  perform  certain  appropriate  tasks  such 
as  precision  tracking  of  a  target  or  a  glide  slope,  trimming  and  making 
heading  changes  at  constant  altitude;  and  of  flight  in  turbulence. 
These  considerations  have  led  naturally  to  identifying  flying  qualities 
requirements  in  terms  of  the  three  Flight  Phase  categories  given  below: 
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Nonterminal  Flight  Phases; 


Category  A:  Those  nonterminal  Flight  Phases  that  require  rapid 
maneuvering,  precision  tracking,  or  precise  flight-path 
control.  Included  in  this  Category  are: 


a.  Air-to-air  combat  (CO) 

b.  Ground  attack  (GA) 

c.  Weapon  delivery/ 
launch  (WD) 

d.  Aerial  recovery  (AR) 

e.  Reconnaissance  (RC) 


f.  In-flight  refueling 
(receiver)  (RR) 

g.  Terrain  following  (TF) 

h.  Antisubmarine  search 
(AS) 

i.  Close  formation  flying 
(FF) 


Category  B:  Those  nonterminal  Flight  Phases  that  are  normally 
accomplished  using  gradual  maneuvers  and  without  pre¬ 
cision  tracking,  although  accurate  flight-path  control 
may  be  required.  Included  in  this  Category  are: 

a.  Climb  (CL)  e.  Descent  (D) 

b.  Cruise  (CR)  f.  Emergency  descent  (ED) 


c.  Loiter  (LO) 

d.  In-flight  refueling 
(tanker)  (RT) 


g.  Emergency  deceleration 
(DE) 

h.  Aerial  delivery  (AD) 


Terminal  Flight  Phases: 


Category  C:  Terminal  Flight  Phases  are  normally  accomplished  using 
gradual  maneuvers  and  usually  require  accurate  flight- 
path  control.  Included  in  this  Category  are: 


a.  Takeoff  (TO) 

b.  Catapult  takeoff  (CT) 

c.  Approach  (PA) 


d.  Wave-off /go-around 
(WO) 

e.  Landing  (L) 


When  necessary,  recategorization  or  addition  of  Flight  Phases  or  deline¬ 
ation  of  requirements  for  special  situations,  e.g.,  zoom  climbs,  will  be 
specified  by  the  procuring  activity. 

These  Flight  Phases  shall  be  considered  in  the  context  of  the  total 
mission  so  that  there  will  be  no  gap  between  successive  Phases  of  any 
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flight  and  so  that  transition  will  be  smooth.  In  certain  cases, 
requirements  are  directed  at  specific  Flight  Phases  identified  in  the 
requirement.  When  no  Flight  Phase  or  Category  is  stated  in  a  require¬ 
ment,  that  requirement  is  meant  to  apply  to  all  three  Categories. 

For  the  most  part,  the  Flight  Phase  titles  are  descriptive  enough  to 
facilitate  picking  those  applicable  to  a  given  design.  The  Formation 
Flying  (FF)  Flight  Phase  is  intended  to  be  used,  if  desired,  where  there 
is  no  other  requirement  for  rapid  maneuvering,  precision  tracking,  or 
precise  flight-path  control  in  up-and-away  flight.  An  example  might  be 
a  Class  I  trainer  for  which  the  procuring  activity  desires  Category  A 
flying  qualities  (note  the  current  use  of  the  T-37,  T-28,  etc.). 

The  similarity  of  tasks  in  many  Flight  Phases,  plus  the  limited 
amount  of  evaluation  data  on  specific  Flight  Phases,  has  led  to  grouping 
the  Phases  into  three  Categories.  First,  the  possible  Flight  Phases 
ware  divided  into  two  groups  on  the  basis  of  terminal  and  nonterminal 
operation.  Then  nonterminal  flight  was  further  divided  into  two  groups 
based  primarily  on  the  degree  of  maneuverability  and/or  precision  of 
control  required.  The  requirements  of  Section  3  are  generally  stated  in 
terms  of  these  three  Flight  Phase  Categories.  However,  a  number  of  the 
requirements  are  directed  at  specific  Flight  Phases;  those  requirements 
apply  only  to  the  specific  Flight  Phase  stated. 

Not  all  of  these  Flight  Phases  apply  to  a  given  aircraft.  Those 
that  are  appropriate  to  design  operational  missions  and  emergencies  will 
be  chosen  for  each  design.  The  list  cannot  be  exhaustive  because  new 
mission  requirements  continue  to  be  generated.  Thus  the  procuring 
activity  may  delete  some  Phases  and  add  others.  Responsibility  for 
choosing  applicable  Flight  Phases  has  been  defined  contractually  in  the 
Standard,  i.e.,  the  procuring  activity  should  have  prepared  the  initial 
listing  of  Flight  Phases.  The  contractor  is  therefore  made  contrac¬ 
tually  responsible  for  assuring  that  this  listing  is  inclusive  and 
exhaustive  (for  the  stated  primary  and  alternate  missions),  and  for  sug¬ 
gesting  necessary  additions  so  that  the  intent  of  the  Flight  Phase  con¬ 
cept  will  be  accomplished  (i.e.,  there  will  be  no  gap  between  successive 
phases  of  every  flight,  and  transition  between  phases  of  each  flight 
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will  be  smooth).  It  is  the  procuring  activity's  responsibility  either 
to  agree  with  the  contractor's  suggestions  or  to  recategorize  the  Flight 
Phases . 

In  certain  cases,  both  flying  qualities  requirements  and  aircraft 
capabilities  may  be  less  than  one  would  ordinarily  expect.  An  example 
is  a  zoom  climb  —  a  dynamic  maneuver  in  which  qualities  such  as  speed 
stability  and  natural  frequency  cannot  be  measured  in  flight,  and  the 
effectiveness  of  aerodynamic  controls  is  necessarily  low  at  low  dynamic 
pressure.  Lacking  enough  data  to  formulate  general  requirements  for 
these  cases,  it  is  left  for  the  procuring  activity  to  provide  specific 
requirements  as  specific  mission  needs  dictate. 
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1.5 


FLIGHT  ENVELOPES 


DISCUSSION 


Three  envelopes  are  to  be  defined.  One,  the  Operational  Envelope, 
is  set  down  by  the  procuring  activity  (in  Paragraph  1.3)  for  primary  and 
alternate  missions,  including  maneuverability  over  the  speed-altitude 
range,  and  represents  the  minimum  requirements.  At  this  stage  the 
Flight  Phases  will  also  be  known  (from  Paragraph  1.4).  In  response  to 
these  and  other  requirements  the  contractor  can  then  design  the  aircraft 
and: 

•  Further  define  the  Operational  Flight  Envelope  for  each 
Flight  Phase,  based  on  the  associated  Aircraft  Normal 
States, 

•  Construct  the  larger  Service  Flight  Envelope  for  the  Air¬ 
craft  Normal  State  associated  with  each  Flight  Phase,  and 

•  Similarly  construct  portions  of  the  Permissible  Flight 
Envelope  boundaries,  beyond  which  operation  is  not 
allowed. 

Each  Envelope  must  include  the  flight  condition(s)  related  to  any  per¬ 
tinent  performance  guarantees. 

The  envelopes  are  described  by  the  specification  of  a  two-dimen¬ 
sional  (speed  and  load  factor)  figure  representing  the  conditions 
where  the  requirements  apply.  An  example  that  defines  terms  for  the 
Operational  and  Service  Envelopes  is  shown  in  Figure  1.  The  load  fac¬ 
tor,  n,  denotes  maneuverability  without  regard  to  thrust  available, 
i.e.,  the  flying  qualities  specification  places  no  requirements  on  load- 
factor  capability  in  constant-speed  level  flight.  These  Envelopes  are 
defined  at  various  altitudes  corresponding  to  the  Flight  Phases;  thus 
they  could  be  considered  to  be  three-dimensional.  The  aircraft  flying 
qualities  in  all  three  Envelopes  will  always  be  "acceptable,"  or  better. 

Some  Flight  Phases  of  the  same  Category  will  involve  the  same,  or 
very  similar,  Aircraft  Normal  States;  so  one  set  of  Flight  Envelopes 
may  represent  several  Flight  Phases.  Each  Flight  Phase  will  involve  a 
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Figure  1  (1.5).  Definition  of  Flight  Envelope  Terras 

range  of  loadings.  Generally  it  will  be  convenient  to  represent  this 
variation  by  superimposing  boundaries  for  the  discrete  loadings  of  Para¬ 
graph  3.1.1,  or  possibly  by  bands  denoting  extremes.  If  different 
external  store  complements  affect  the  Envelope  boundaries  significantly, 
it  may  be  necessary  for  the  contractor  to  construct  several  sets  of 
Envelopes  for  each  Flight  Phase,  each  set  representing  a  family  of 
stores.  A  manageably  small  total  number  of  Envelopes  should  result.  It 
is  apparent  that  the  Flight  Envelopes  must  and  can  be  refined,  as  the 
design  is  further  analyzed  and  defined,  by  agreement  between  the  con¬ 
tractor  and  the  procuring  activity. 

Flight  tests  will  be  conducted  to  evaluate  the  aircraft  against 
requirements  in  known  (a  priori)  Flight  Envelopes.  Generally,  flight 
tests  will  cover  the  Service  Flight  Envelope,  with  specific  tests 
(stalls,  dives,  etc.)  to  the  Permissible  limits.  The  same  test  proce¬ 
dures  usually  apply  in  both  Service  and  Operational  Envelopes;  only  the 
numerical  requirements  and  qualitative  levels  differ.  If,  for  example, 
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speed  and  altitude  are  within  the  Operational  Flight  Envelope  but  normal 
load  factor  is  between  the  Operational  and  Service  Flight  Envelope  boun¬ 
daries,  the  requirements  for  the  Service  Flight  Envelope  apply.  Ideal¬ 
ly,  the  flight  test  program  should  also  lead  to  definition  of  Flight 
Envelopes  depicting  Level  1  and  Level  2  boundaries.  These  Level  boun¬ 
daries  should  aid  the  using  commands  in  tactical  employment,  even  long 
after  the  procurement  contract  has  been  closed  out. 

Separate  Flight  Envelopes  are  not  normally  required  for  Aircraft 
Failure  States.  It  is  rational  to  consider  most  failures  throughout  the 
Flight  Envelopes  associated  with  Aircraft  Normal  States.  There  may  be 
exceptions  (such  as  a  wing  sweep  failure  that  necessitates  a  wings-aft 
landing,  or  a  flap  failure  that  requires  a  higher  landing  speed)  that 
are  peculiar  to  a  specific  design.  In  such  cases  the  procuring  activity 
may  have  to  accept  some  smaller  Flight  Envelopes  for  specific  Failure 
States,  making  sure  that  these  Envelopes  are  large  enough  for  safe 
Level  2  or  Level  3  operation. 

It  should  also  be  noted  that  the  boundaries  of  these  envelopes 
should  not  be  set  by  ability  to  meet  the  flying  qualities  require¬ 
ments.  The  flying  qualities  requirement  should  be  met  within  the  bound¬ 
aries  which  normally  are  set  by  other  factors  unless  specific  deviations 
are  granted.  The  only  exception  is  control  power,  which  may  set  some 
boundaries  if  the  requirements  on  the  Operational  Flight  Envelope  are 
still  met.  The  rationale  for  each  type  of  Envelope  Is  presented  below 
in  the  discussion  of  each  subparagraph. 
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1.5.1  Operational  Flight  Envelopes 

A.  REQUIREMENT 


1.5.1  Operational  Flight  Envelopes.  The  Operational  Flight  Enve¬ 
lopes  define  the  boundaries  In  terms  of  speed,  altitude  and  load  factor 
within  which  the  aircraft  must  be  capable  of  operating  In  order  to 
accomplish  the  missions  of  Paragraph  1.3.  Envelopes  for  each  applicable 

Flight  Phase  are  as  follows:  _ .  In  the  absence  of  the  above, 

the  contractor  shall  use  the  representative  conditions  of  Table  1  of  the 
Handbook  for  the  applicable  Flight  Phases. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.1.7 

C.  DISCUSSION/APPLICATION 


Operational  Flight  Envelopes  are  regions  in  speed-altitude-load 
factor  space  where  it  is  necessary  for  an  aircraft.  In  the  configuration 
and  loading  associated  with  a  given  Flight  Phase,  to  have  very  good  fly¬ 
ing  qualities,  as  opposed,  for  example,  to  regions  where  it  is  only 
necessary  to  insure  that  the  aircraft  can  be  controlled  without  undue 
concentration.  The  required  size  of  the  Operational  Flight  Envelopes 
for  a  particular  aircraft  has  been  given  in  Paragraph  1.3;  however,  this 
can  further  be  delineated  by  using  Table  1  for  each  flight  phase  cate¬ 
gory.  Additional  boundaries  will  be  provided  by  the  contractor. 

In  defining  the  speed-altitude-load  factor  combinations  to  be  encom¬ 
passed,  the  following  factors  should  be  considered: 

a)  The  Operational  Flight  Envelope  for  a  given  Flight 
Phase  should  initially  be  considered  to  be  as  large  a 
portion  of  the  associated  Service  Flight  Envelope  as 
possible,  to  permit  the  greatest  freedom  of  use  of 
the  aircraft. 

b)  The  detail  specification  should  be  as  specific  as 
possible  about  the  speed  and  altitude  ranges  over 
which  stated  load-factor  capabilities  are  required. 

Obviously,  limit  load  factor  cannot  be  attained  at  a 
lift-limited  combat  ceiling;  but  normally  it  would  be 
insufficient  at  a  lower  altitude  to  have  n^  capabil¬ 
ity  at  only  one  speed. 
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TABLE  1  (1.5.1) 


OPERATIONAL  FLIGHT  ENVELOPE 


FLIGHT 

PHASE 

CATEGORY 


FLIGHT  PHASE 

min  «in 

> 

o  o 

max  max 

ho  . 
nn 

n 

o  . 
min 

no 

max 

AIR-TO-AIR  COMBAT  (CO) 

1.4  Vs 

V 

MAT 

MSL 

Combat 

Ceiling 

-1.0 

nL 

GROUND  ATTACK  (GA) 

,JVS 

V 

MRT 

MSL 

Medium 

-1.0 

"l. 

WEAPON  DEL I VERY/ LAUNCH 
(WD) 

V 

range 

V 

MAT 

MSL 

Combat 
Cei ling 

.S 

* 

AERIAL  RLCOVERY  (AR) 

1.2  Vs 

V 

MRT 

MSL 

Combat 
Cei ling 

.s 

"L 

RECONNA I SSANCE  (RC) 

l.J  V$ 

VMAT 

MSL 

Combat 
Cei 1 ing 

» 

IN-FLIGHT  REFUEL  (RECEIVER) 
(RR) 

1.2  Vs 

VMRT 

MSL 

Combat 

Ceiling 

.s 

2.0 

TERRAIN  FOLLOWING  (TF) 

V 

range 

v 

MAT 

MSL 

10,000  ft. 

.0 

3.S 

ANTISUBMARINE  SEARCH  (AS) 

1.2  Vs 

V 

MRT 

MSL 

Medium 

0 

2.0 

CLOSE  FORMATION  FLYING  (FF) 

1.4  V$ 

VMAT 

MSL 

Combat 

Ceiling 

-1.0 

"l 

CLIMB  (CL) 

85  VR/C 

‘•3vr/c 

MSL 

Cruising 

Ceiling 

.5 

2.0 

CRUISE  (CR) 

V 

range 

v 

NRT 

MSL 

Cruising 
Cei ling 

.S 

2.0 

Id  ITER  (LO) 

85  Vend 

13  Vend 

MSL 

Cruising 

Ceiling 

.5 

2.0 

IN-FLIGHT  REFUEL  (TANKER) 
(RT) 

1.4  Vs 

VMAT 

MSL 

Cruising 

Ceiling 

.5 

2.0 

DESCENT  (D) 

1.4  2S 

v 

MAT 

MSL 

Cruising 
Ceil ing 

.S 

2.0 

EMERGENCY  DESCENT  (ED) 

1.4  Vs 

V 

max 

MSL 

Cruising 

Ceiling 

.S 

2.0 

EMERGENCY  DECELERATION 
(DE) 

1.4  Vs 

V 

max 

MSL 

Cruising 

Ceiling 

.s 

2.0 

AFRIAL  DELIVERY  (AD) 

12  VS 

200  kt 

MSL 

10,000  ft 

0 

2.0 

TAKEOFF  (TO) 

Minimum  Normal 
Takeoff  Speed 

V 

max 

MSL 

10,000  ft. 

.s 

2.0 

CATAPULT  TAKEOFF  (CT) 

Minimum  Catapult 
End  Airspeed 

V 

°min 
♦30  kt 

MSL 

— 

.s 

"l 

APPROACH  (PA) 

Minimum  Normal 
Approach  Speed 

V 

max 

MSL 

10,000  ft. 

.5 

2.0 

WAVE-OFF/GO-AROUND  (NO) 

Minimum  Normal 
Approach  Speed 

V 

max 

MSL 

10,000  ft. 

.5 

2.0 

LANDING  (L) 

Minimum  Normal 

MSL 

10,000ft. 

.S 

2,0 

Landing  Speed 


Appropriate  to  the  operational  Mission. 
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c)  The  Operational  Flight  Envelopes  should  encompass  the 
flight  conditions  at  which  all  appropriate  perfor¬ 
mance  guarantees  will  be  demonstrated. 

d)  In  setting  the  minimum  approach  speed,  V0  (PA), 
care  should  be  taken  to  allow  sufficient  stall  mar¬ 
gin.  Commonly,  1.2  Vg  has  been  used  for  military 
land-based  aircraft  and  1.15  Vg  for  carrier-based 
aircraft.  FAR  Part  25  (Reference  118)  specifies 
1.3  Vg  for  landing-distance  calculations;  while  Part 
23  (Reference  161)  specifies  approach  at  1.5  Vg  for 
these  calculations  when  required. 

e)  If  design  tradeoffs  indicate  that  significant  penal¬ 
ties  (in  terms  of  performance,  cost,  system  complex¬ 
ity,  or  reliability)  are  required  to  provide  Level  1 
flying  qualities  in  the  large  Envelopes  of  Items  a-d, 
above,  consideration  should  be  given  to  restricting 
the  Operational  Flight  Envelope  toward  the  minimum 
consistent  with  the  requirements  of  the  Flight  Phase 
of  the  operational  mission  under  consideration. 
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1.5.2  Service  Flight  Envelopes 


A.  REQUIREMENT 


1.5.2  Service  Flight  Envelopes.  For  each  Aircraft  Normal  State  the 
contractor  shall  establish,  subject  to  the  approval  of  the  procuring 
activity,  Service  Flight  Envelopes  showing  combinations  of  speed,  alti¬ 
tude,  and  normal  acceleration  derived  from  aircraft  limits  as  distin¬ 
guished  from  mission  requirements.  For  each  applicable  Flight  Phase  and 
Aircraft  Normal  State,  the  boundaries  of  the  Service  Flight  Envelopes 
can  be  coincident  with  or  lie  outside  the  corresponding  Operational 
boundaries.  The  boundaries  of  the  Service  Flight  Envelopes  shall  be 
based  on  considerations  discussed  in  the  Handbook. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.1.8,  3. 1.8.1,  3. 1.8.2,  3. 1.8. 3,  3. 1.8. 4 

C.  DISCUSSION 


The  Service  Flight  Envelope  encompasses  the  Operational  Flight  Enve¬ 
lopes  for  the  same  Flight  Phase  and  Aircraft  Normal  State.  Its  larger 
volume  denotes  the  extent  of  flight  conditions  that  can  be  encountered 
without  fear  of  exceeding  aircraft  limitations  (safe  margins  should  be 
determined  by  simulation  and  flight  test).  At  least  Level  2  handling 
qualities  are  required  for  normal  operation.  This  allows  a  pilot  to 
accomplish  the  mission  Flight  Phase  associated  with  the  Aircraft  Normal 
State  although  mission  effectiveness  or  pilot  workload,  or  both,  may 
suffer  somewhat. 

This  Envelope  is  also  intended  to  insure  that  any  deterioration  of 
handling  qualities  will  be  gradual  as  flight  progresses  beyond  the 
limits  of  the  Operational  Flight  Envelope.  This  serves  two  purposes. 
It  provides  some  degree  of  mission  effectiveness  for  possible  unforeseen 
alternate  uses  of  the  aircraft,  and  it  also  allows  for  possible  inadver¬ 
tent  flight  outside  the  Operational  Flight  Envelope. 

The  boundaries  of  the  Service  Flight  Envelopes  shall  be  based  on  the 
speed,  altitude,  and  load  factor  considerations  discussed  below. 
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1*  Maximal  Service  Speed 


The  maximum  service  speed,  Vmax  or  Mmax,  for  each  altitude  is  the 
lowest  of: 

a)  The  maximum  speed  at  which  a  safe  margin  exists  from 
any  potentially  dangerous  flight  condition. 

b)  A  speed  which  is  a  safe  margin  below  the  speed  at 
which  intolerable  buffet  or  structural  vibration  is 
encountered. 

Vmax  need  be  no  greater  than  that  for  which  recovery  is  possible  at 
the  corresponding  altitude  and  dive  angle,  with  a  2000  ft  margin  above 
Mean  Sea  Level.  In  setting  the  maximum  service  speed,  the  designer  need 
not  consider  speed— altitude  combinations  that  can  only  be  reached  in  an 
attitude  that  would  not  permit  recovery  to  level  flight  with  a  nominal 
2000  foot  clearance  above  sea  level  while  remaining  within  the  Service 
Flight  Envelope. 

2.  Minimum  Service  Speed 


The  minimum  service  speed,  Vmln  or  for  each  altitude  is  the 

highest  of: 

a)  I. I  Vs 

b)  Vg  +  10  knots  equivalent  airspeed 

c)  The  speed  below  which  full  aircraft-nose-up  pitch 
control  power  and  trim  are  insufficient  to  maintain 
straight,  steady  flight. 

d)  The  lowest  speed  at  which  level  flight  can  be  main¬ 
tained  with  MRT. 

e)  A  speed  limited  by  reduced  visibility  or  an  extreme 
pitch  attitude  that  would  result  in  the  tail  or  aft 
fuselage  contacting  the  ground. 

For  engine  failure  during  takeoff,  the  Standard  requires  control  at 
speeds  down  to  vmin(T0);  but  requirements  for  engine-out  climb  capabil¬ 
ity  are  left  to  performance  specifications. 


3.  Max  1m  Service  Altitude 

The  maximum  service  altitude,  h^^,  for  a  given  speed  Is  the  maximum 
altitude  at  which  a  rate  of  climb  of  100  feet  per  minute  can  be  main¬ 
tained  in  unaccelerated  flight  with  maximum  augmented  thrust  (MAT). 

4.  Service  Load  Factors 

Maximum  and  minimum  service  load  factors,  n(+)  [n(-)J,  shall  be 

established  as  a  function  of  speed  for  several  significant  altitudes. 
The  maximum  [minimum]  service  load  factor,  when  trimmed  for  1  g  flight 
at  a  particular  speed  and  altitude,  is  the  lowest  [highest]  algebrai¬ 
cally  of: 

a)  The  positive  [negative]  structural  limit  load  factor. 

b)  The  steady  load  factor  corresponding  to  the  minimum 
allowable  stall  warning  angle  of  attack  (3. 8. 4. 2). 

c)  The  steady  load  factor  at  which  the  pitch  control  is 
in  the  full  aircraft-nose-up  [nose-down]  position. 

d)  A  safe  margin  below  [above]  the  load  factor  at  which 
intolerable  buffet  or  structural  vibration  is  encoun¬ 
tered. 


1.5.3  Permissible  Flight  Envelopes 

A.  REQUIREMENT 

1.5.3  Permissible  Flight  Envelopes.  The  contractor  shall  define 
Permissible  Flight  Envelopes  which  encompass  all  regions  in  which  opera¬ 
tion  of  the  aircraft  is  both  allowable  and  possible,  and  which  the  air¬ 
craft  is  capable  of  safely  encountering.  These  Envelopes  define  bound¬ 
aries  in  terms  of  speed,  altitude,  and  load  factor. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.1.9 

C .  DISCUSSION 

Basically,  the  Permissible  Flight  Envelope  is  designed  such  that, 
from  all  points  within  it,  it  shall  be  possible  to  readily  and  safety 
return  to  the  Service  Flight  Envelope  without  exceptional  pilot  skill  or 
technique,  regardless  of  component  or  system  failures.  The  requirements 
on  stall,  spin,  and  dive  characteristics,  on  dive  recovery  devices,  and 
on  approach  to  dangerous  flight  conditions  shall  also  apply. 

In  this  regard,  the  maximum  permissible  speed  in  dives  or  level 
flight,  and  the  minimum  permissible  speed  in  level  flight,  can  and  must 
be  defined  for  pilots'  information.  Additionally,  some  minimum  airspeed 
may  need  to  be  defined  for  zooms,  to  assure  recoverability.  For  maneu¬ 
vers  such  as  spins,  no  minimum  permissible  speed  is  normally  stated;  one 
accepts  the  low  airspeed  attained  in  the  maneuver,  satisfactory  recovery 
being  the  only  criterion. 

To  specify  these  considerations  the  contractor  must,  as  a  minimum, 
define  the  boundaries  given  below. 

1.  Maximum  Permissible  Speed 


The  maximum  permissible  speed  for  each  altitude  shall  be  the  lowest 


a)  Limit  speed  based  on  structural  considerations. 

b)  Limit  speed  based  on  engine  considerations. 

c)  The  speed  at  which  intolerable  buffet  or  structural 
vibration  is  encountered. 

Maximum  permissible  speed  need  be  no  greater  than  that  for  which 
recovery  is  possible  at  the  corresponding  altitude  and  dive  angle,  with 
a  2000  ft  margin  above  Mean  Sea  Level.  To  allow  for  inadvertent  excur¬ 
sions  beyond  placard  speed,  some  margin  should  be  provided  between  the 
maximum  permissible  speed  and  the  high-speed  boundaries  of  the  Opera¬ 
tional  and  Service  Flight  Envelopes.  Such  a  margin  is  not  specified 
because  no  satisfactory  general  requirement  could  be  formulated.  How¬ 
ever,  for  specific  designs,  the  procuring  activity  should  consider  1.1 
VH  (commonly  used  for  structural  specification)  or  the  upset  require¬ 
ments  of  FAR  Part  25  (Reference  118)  and  Advisory  Circular  AC  25.253-1A 
(Reference  162). 

2.  Minimum  Permissible  Speed 

For  aircraft  where  maximum  lift  determines  minimum  speed,  the  mini¬ 
mum  permissible  speed  in  1  g  flight  is  Vg  as  defined  in  6.2.2.  For  some 
aircraft,  considerations  other  than  maximum  lift  determine  the  minimum 
permissible  speed  in  1  g  flight  [e.g.,  ability  to  perform  altitude  cor¬ 
rections,  excessive  sinking  speed,  ability  to  execute  a  waveoff  (go- 
around),  etc.].  In  such  cases,  an  arbitrary  angle-of-attack  limit,  or 
similar  minimum  speed  and  maximum  load  factor  limits,  shall  be  estab¬ 
lished  for  the  Permissible  Flight  Envelope,  subject  to  the  approval  of 
the  procuring  activity.  This  defined  minimum  permissible  speed  shall  be 
used  as  Vg  in  all  applicable  requirements,  and  no  requirements  will 
apply  below  this  speed. 
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1.6  STATE  OF  THE  AIRCRAFT 

DISCUSSION 

The  State  of  the  aircraft  is  defined  by  the  selected  configuration 
together  with  the  functional  status  of  each  of  the  aircraft  components 
or  systems,  throttle  setting,  weight,  moments  of  inertia,  center-of- 
gravity  position,  and  external  store  complement.  The  trim  setting  and 
the  positions  of  the  pitch,  roll,  and  yaw  controls  are  not  included  in 
the  definition  of  Aircraft  State  since  they  are  often  specified  in  the 
requirements. 
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1.6.1  Aircraft  Normal  States 


A.  REQUIREMENT 


1.6.1  Aircraft  Normal  States.  The  contractor  shall  define  and 
tabulate  all  pertinent  items  to  describe  the  Aircraft  Normal  States  (no 
component  or  system  failure)  associated  with  each  of  the  applicable 
Flight  Phases.  This  tabulation  shall  be  in  the  format  of  Table  1  and 
shall  use  the  nomenclature  specified  in  4.2.  Certain  items,  such  as 
weight,  moments  of  inertia,  center-of-gravity  position,  wing  sweep,  or 
thrust  setting  may  vary  continuously  over  a  range  of  values  during  a 
Flight  Phase.  The  contractor  shall  replace  this  continuous  variation  by 
a  limited  number  of  values  of  the  parameter  in  question  which  will  be 
treated  as  specific  States,  and  which  include  the  most  critical  values 
and  the  extremes  encountered  during  the  Flight  Phase  in  question. 

B.  RELATED  HIL-F-8785C  REQUIREMENTS 

3. 1.6.1,  4.2 

C.  DISCUSSION 


These  paragraphs  introduce  the  Aircraft  State  terminology  for  use 
in  the  requirements.  The  contractor  is  required  to  define  the  Air¬ 
craft  Normal  States  for  each  applicable  Flight  Phase,  in  the  format  of 
Table  1.  If  the  position  of  any  particular  design  feature  can  affect 
flying  qualities  independently  of  the  items  in  Table  1,  its  position 
should  be  tabulated  as  well.  Initially,  variable  parameters  should  be 
presented  in  discrete  steps  small  enough  to  allow  accurate  interpolation 
to  find  the  most  critical  values  or  combinations  for  each  requirement; 
then  those  critical  cases  should  be  added.  As  discussed  under  3.1.1 
through  3.1.3,  center-of-gravity  positions  that  can  be  attained  only 
with  prohibited,  failed,  or  malfunctioning  fuel  sequencing  need  not  be 
considered  for  Aircraft  Normal  States. 


38 


1.6.2  Aircraft  Failure  States 


A.  REQUIREMENT 


1.6.2  Aircraft  Failure  States.  The  contractor  shall  define  and 
tabulate  all  Aircraft  Failure  States,  which  consist  of  Aircraft  Normal 
States  modified  by  one  or  more  malfunctions  in  aircraft  components  or 
systems;  for  example,  a  discrepancy  between  a  selected  configuration  and 
an  actual  configuration.  Those  malfunctions  that  result  in  center-of- 
gravity  positions  outside  the  center-of-gravity  envelope  defined  in 
3.1.1  shall  be  included.  Each  mode  of  failure  shall  be  considered. 
Failures  occurring  in  any  Flight  Phase  shall  be  considered  in  all  subse¬ 
quent  Flight  Phases. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3. 1.6. 2 


C.  DISCUSSION 

A  low  level  of  confidence  in  the  calculation  of  failure  probabili¬ 
ties  emerged  from  the  flying  qualities  community  during  the  development 
of  the  F-16.  This  confidence  is  based  upon  the  method  rather  than  the 
aircraft  in  question.  It  appears,  in  fact,  that  the  SPOs  generally 
allow  a  deviation  from  this  requirement.  The  more  practical  approach, 
which  appears  to  be  in  general  use,  is  to  define  specific  failures  for 
each  configuration  and  to  consider  the  level  of  flying  qualities  which 
the  aircraft  degrades  to  when  these  failures  occur.  Such  an  approach 
has  been  referred  to  as  "generic  failure  design."  That  is,  no  matter 
what  happens,  flying  qualities  must  remain  within  some  specific  level  as 
defined  by  the  procuring  activity. 

There  is  more  to  determining  Failure  States  than  just  considering 
each  component  failure  in  turn.  Two  other  types  of  effects  must  be  con¬ 
sidered.  First,  failure  of  one  component  in  a  certain  mode  may  itself 
induce  other  failures  in  the  system,  so  failure  propagation  must  be 
investigated.  Second,  one  event  may  cause  loss  of  more  than  one  part  of 
the  system. 
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1.6.3  Aircraft  Special  Failure  States 

A.  REQUIREMENT 


1.6.3  Aircraft  Special  Failure  States.  Certain  components,  sys¬ 
tems,  or  combinations  thereof  may  have  extremely  remote  probabilities  of 
failure  during  a  given  flight.  These  failure  probabilities  may.  In 
turn,  be  very  difficult  to  predict  with  any  degree  of  accuracy.  Special 
Failure  States  of  this  type  need  not  be  considered  in  complying  with  the 
requirements  of  Section  3  if  justification  for  considering  them  as 
Special  Failure  States  is  submitted  by  the  contractor  and  approved  by 
the  procuring  activity. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3. 1.6. 2.1 


C.  DISCUSSION 

In  most  cases,  a  considerable  amount  of  engineering  judgment  will 
influence  the  procuring  activity's  decision  to  allow  or  disallow  a  pro¬ 
posed  Aircraft  Special  Failure  State.  Probabilities  that  are  extremely 
remote  are  exceptionally  difficult  to  predict  accurately.  Judgments 
will  weigh  consequences  against  feasibility  of  improvement  or  alterna¬ 
tives,  and  against  projected  ability  to  keep  high  standards  throughout 
design,  qualification,  production,  use,  and  maintenance.  Meeting  other 
pertinent  requirements  —  MIL-F-9490,  MIL-A-8860,  etc.  —  should  be  con¬ 
sidered,  as  should  experience  with  similar  items.  Generally,  Special 
Failure  States  should  be  brought  to  the  attention  of  those  concerned 
with  flight  safety. 

Several  categories  of  Special  Failure  States  can  be  distinguished. 
Certain  items  might  be  approved  more  or  less  categorically: 

•  Control-stick  fracture. 

•  Basic  airframe  or  control-surface  structural  failure. 

•  Dual  mechanical  failures  In  general. 

Regardless  of  the  degree  of  redundancy,  there  remains  a  finite  probabil¬ 
ity  that  all  redundant  paths  will  fail.  A  point  of  diminishing  returns 
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will  be  reached,  beyond  which  the  gains  of  additional  channels  are  not 
worth  the  associated  penalties: 

•  Complete  failure  of  hydraulic  or  electrical,  etc., 
systems . 

•  Complete  or  critical  partial  failure  of  stability 
augmentation  that  has  been  accepted  as  necessary  to 
meet  Level  3. 

Some  items  might  be  excepted  if  special  requirements  are  met.  For  exam¬ 
ple,  some  limited  control  should  remain  after  failure  of  all  engines, 
provided  by  accumulators  or  an  auxiliary  power  source  as  appropriate. 

Note  that  the  required  approval  of  Aircraft  Special  Failure  States, 
in  conjunction  with  certain  requirements  that  must  be  met  regardless  of 
component  or  equipment  status,  can  be  used  as  desired  to  require  a  level 
of  stability  for  the  basic  airframe,  limit  use  of  stick  pushers  to  alle¬ 
viate  pitch-up,  disallow  rudder-pedal  shakers  for  stall  warning,  rule 
out  fly-by-wire  control  systems,  require  an  auxiliary  power  source, 
force  consideration  of  vulnerability,  etc.  The  procuring  activity 
should  state  those  considerations  they  wish  to  impose,  as  completely  as 
they  can,  at  the  outset;  but  it  is  evident  that  many  decisions  must  be 
made  subjectively  and  many  will  be  influenced  by  the  specific  design. 
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1.7 


LEVELS  OF  FLYING  QUALITIES 


A.  REQUIREMENT 

1.7  Levels  of  Flying  Qualities.  The  acceptability  of  the  handl¬ 
ing  characteristics  of  an  aircraft  are  quantified  herein  in  terms  of 
"Levels"  that  are  defined  as  _ .  Where  possible,  the  require¬ 

ments  of  Section  3  are  stated  in  terms  of  three  limiting  values  of  one 
or  more  flying  quality  parameters.  Each  value,  or  combination  of 
values,  represents  a  minimum  condition  necessary  to  meet  one  of  the 
three  "Levels"  of  acceptability. 

In  some  cases  sufficient  simulation  or  flight  test  data  do  not  exist 
to  allow  the  specification  of  numerical  values  of  a  flying  quality  para¬ 
meter.  In  such  cases  it  is  not  possible  to  explicitly  define  the  lower 
boundary  of  each  Level.  These  cases  are  handled  by  stating  the  required 
"Level"  of  flying  qualities  for  specified  piloting  tasks,  which  require 
compliance  by  demonstration  in  flight  or  via  piloted  simulation. 

It  is  expected  that  flying  qualities  will  degrade  with  increasing 
atmospheric  disturbances  and/or  Aircraft  Failure  States.  To  account  for 
this,  the  Levels  will  be  adjusted  as  a  function  of  turbulence  magnitude 
and  failures.  These  adjustments  to  the  definition  of  flying  quality 
Levels  are  to  be  used  for  those  requirements  where  numerical  values  are 
not  specifically  stated.  The  adjusted  Level  definitions  should  not  be 
construed  as  a  recommendation  to  degrade  flying  qualities  with  increas¬ 
ing  values  of  atmospheric  disturbances. 

The  requirements  for  aircraft  Levels  as  a  function  of  flight  enve¬ 
lopes  and  failure  states  are  presented  in  Paragraph  3.1.5.  The  effect 
of  atmospheric  disturbances  on  Levels  is  given  in  Paragraphs  3.9.1  and 

3.9.4. 


B.  RELATED  MIL-F-8785C  REQUIREMENT 


1.5 


C.  DISCUSSION 

Where  possible,  the  requirements  of  Section  3  have  been  stated  in 
terms  of  three  values  of  the  stability  or  control  parameter  being  speci¬ 
fied.  Each  value  is  a  minimum  condition  to  meet  one  of  three  Levels  of 
acceptability  related  to  the  ability  to  complete  the  operational  mis¬ 
sions  for  which  the  aircraft  is  designed.  The  levels  are: 
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Level  1  Flying  qualities  clearly  adequate  for  the  mission 
Flight  Phase.  Aircraft  is  satisfactory  without 
improvement. 

Level  2  Flying  qualities  adequate  to  accomplish  the  mission 
Flight  Phase,  but  some  increase  in  pilot  workload  or 
degradation  in  mission  effectiveness,  or  both, 
exists.  Aircraft  deficiencies  warrant  improvement. 

Level  3  Flying  qualities  such  that  the  aircraft  can  be  con¬ 
trolled  safely,  but  pilot  workload  is  excessive  or 
mission  effectiveness  is  inadequate,  or  both.  Cate¬ 
gory  A  Flight  Phases  can  be  terminated  safely,  and 
Category  B  and  C  Flight  Phases  can  be  completed. 
Aircraft  deficiencies  require  improvement. 

In  actual  practice,  the  flying  quality  boundaries  above  were  obtained  by 
fairing  lines  of  constant  Cooper-Harper  pilot  rating.  Hence  it  was 
necessary  to  define  equivalent  definitions  between  the  Cooper-Harper 
scale  shown  in  Figure  1  and  the  level  definitions.  Typically,  a  Cooper- 
Harper  pilot  rating  of  1  to  3-1/2  defines  Level  1,  a  Cooper-Harper  rat¬ 
ing  between  3-1/2  and  6-1/2  defines  Level  2,  and  a  Cooper-Harper  rating 
between  6-1/2  and  8  defines  Level  3. 

Utilization  of  the  Cooper-Harper  Pilot  Rating  Scale  as  the  levels  of 
flying  qualities  has  the  added  benefit  of  more  precise  definitions  which 
are  related  to  pilot  workload  and  task  as  well  as  making  the  pilot  rat¬ 
ing  correlations  consistent  with  the  Level  1,  2,  and  3  criterion  bound¬ 
aries  in  the  flying  quality  standard.  Hence  the  procuring  activity  is 
encouraged  to  utilize  this  method.  It  should  be  noted  that  the  two 
definitions  can  be  used  in  a  single  standard.  However,  this  seems  a 
likely  source  of  confusion. 
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ADEQUACY  FOR  SELECTED  TASK  OR  .  AIRCRAFT  DEMANDS  ON  THE  PILOT 


SECTION  2 


2.  APPLICABLE  DOCUMENTS 

A.  REQUIREMENT 

2.  APPLICABLE  DOCUMENTS.  The  following  specifications  and  stan¬ 
dards,  of  the  issue  in  effect  on  the  date  of  invitation  for  bids  or 
request  for  proposal,  form  a  part  of  this  specification  to  the  extent 
specified  herein.  Copies  of  specifications  and  standards  required  by 
contractors  in  connection  with  specific  procurement  functions  should  be 
obtained  from  the  procuring  activity  or  as  directed  by  the  contracting 
officer. 

Specifications:  _ 

Standards:  _ 

B.  RELATED  KIL-F-8785C  REQUIREMENTS 

2.,  2.1,  6.8 

C.  DISCUSSION 

Note  the  phase  "to  the  extent  specified  herein."  Only  those  docu¬ 
ments  specifically  referred  to  in  filling  out  the  blanks  in  the  require¬ 
ments  are  to  be  listed  here.  Recommended  documents  are  listed  below. 

I .  Reco— ended  Documents 


Specifications 

MIL-A-8861  Airplane  Strength  and  Rigidity  —  Flight  Loads 


MIL-D-8708  Demonstration  Requirments  for  Airplanes 


MIL-F-9490  Flight  Control  Systems  —  Design,  Installation 
and  Test  of,  Piloted  Aircraft,  General  Specifi¬ 
cation  for 


MIL-C-18244  Control  and  Stabilization  Systems,  Automatic, 
Piloted  Aircraft,  General  Specification  for 


MIL-F-18372  Flight  Control  Systems,  Design,  Installation  and 
Test  of,  Aircraft  (General  Specification  for) 


MIL-F-83300  Flying  Qualities  of  Piloted  V/STOL  Aircraft 

MIL-S-83691  Stall/Post-Stall/Spin  Flight  Test  Demonstration 
Requirements  for  Airplanes 

MIL-W-25140  Weight  and  Balance  Control  Data  (for  Airplanes 
and  Rotorcraft) 

Standard 

MIL-STD-756  Reliability  Prediction 

Related  Documents 


Specifications 

MIL-C-501 1 

Charts;  Standard  Aircraft  Characteristics  and 
Performance,  Piloted  Aircraft 

MIL-M-7700 

Manual,  Flight 

MIL-A-8860 

Airplane  Strength  and  Rigidity  —  General  Speci¬ 
fication  for 

MIL-A-88/1 

Airplane  Strength  and  Rigidity  Flight  and  Ground 
Operations  Test 

MIL-G-38478 

General  Requirements  for  Angle-of-Attack-Based 
Systems 

Standard 

MIL-STD-882 

Systems  Safety  Program  for  Systems  and  Associ¬ 
ated  Subsystems  and  Equipment:  Requirement  for 

Publications 

AFSC  Design 

Hand’  ooks: 

DH  1-0  General 

DH  2-0  Aeronautical  Systems 

AFFDL  Technical  Report: 

TR  69-72  Background  Information  and  User  Guide  for  MIL- 
F-8785B,  Military  Specification  —  Flying 
Qualities  of  Piloted  Airplanes,  August  1969 

AFWAL  Technical  Report: 

TR-81-3109  Background  Information  and  User  Guide  for  MIL- 
F-8785C,  Military  Specification  —  Flying 
Qualities  of  Piloted  Airplanes,  July  1982 


SECTION  3 


3. 

REQUIREMENTS 

3.1 

GENERAL  REQUIREMENTS 

3.1.1 

Loadings 

A.  REASON  FOR  REQUIREMENT 

The  loading  of  an  aircraft  is  determined  by  what  is  in  (internal 
loading)  and  attached  to  (external  loading)  the  aircraft.  The  parame¬ 
ters  that  define  different  characteristics  of  the  loading  are  weight, 
center-of-gravity  position,  and  moments  and  products  of  inertia.  Exter¬ 
nal  stores  affect  all  these  parameters  and  also  affect  aerodynamic  coef¬ 
ficients.  Since  aircraft  characteristics  vary  with  loading,  limits  must 
be  defined  and  the  loadings  known  at  conditions  for  demonstration  of 
compliance. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.1.2 


C.  STATEMENT  OF  REQUIREMENT 

3.1.1  Loadings .  The  envelope  of  center  of  gravity  and  weight  for 
each  flight  phase  shall  be  specified  by  the  contractor.  In  addition, 
the  contractor  shall  specify  the  maximum  c.g.  excursion  attainable 
through  failure  in  systems  or  components  for  each  flight  phase. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  requirements  apply  under  all  loading  conditions  associated  with 
an  aircraft's  operational  missions.  Since  there  are  an  infinite  number 
of  possible  Internal  and  external  loadings,  each  requirement  generally 
is  only  examined  at  the  critical  loading(s)  with  respect  to  the  require¬ 


ment 


Only  permissible  center-of-gravity  positions  need  be  considered 
for  Aircraft  Normal  States •  Fuel  sequencing,  transfer  failures  or  mal- 
performance,  and  mismanagement  that  might  move  the  center  of  gravity 
outside  the  established  limits  are  expressly  to  be  considered  as  Air¬ 
craft  Failure  States.  The  worst  possible  cases  that  are  not  approved 
Special  Failure  States  (1.6.3)  must  be  examined. 

Since  the  requirements  apply  over  the  full  range  of  service  load¬ 
ings,  effects  of  fuel  slosh  and  shifting  should  be  taken  into  account  in 
design.  Balance,  controllability,  and  airframe  and  structure  dynamic 
characteristics  may  be  affected.  For  example,  takeoff  acceleration  has 
been  known  to  shift  the  c.g.  embarrassingly  far  aft.  Aircraft  attitude 
may  also  have  an  effect.  Other  factors  to  consider  are  fuel  sequencing, 
in-flight  refueling  if  applicable,  and  all  arrangements  of  variable, 
disposable  and  removable  items  required  for  each  operational  mission. 

The  procuring  activity  may  elect  to  specify  a  growth  margin  in  c.g. 
travel  to  allow  for  uncertainties  in  weight  distribution,  stability 
level  and  other  design  factors,  and  for  possible  future  variations  in 
operational  loading  and  use.  Peculiarities  of  configuration  or  possible 
alternative  mission  tasks  may  lead  to  the  specification  of  additional 
loadings. 

E.  GUIDANCE  FOR  APPLICATION 

Once  the  specific  loadings  are  defined,  application  of  this  require¬ 
ment  is  straightforward. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  procuring  activity  will  check  the  material  submitted  for  com¬ 
pleteness.  Eventually,  weight  and  balance  measurements  will  be  made  to 
confirm  the  estimates.  The  requirements  apply  to  the  actual  flight 
weights  and  centers  of  gravity. 


G.  SUPPORTING  DATA 


H.  LESSORS  LEASHED 


Lateral  asymmetries  due  to  fuel  loading  can  have  Important  effects 
on  trim,  stall/post-stall  characteristics,  etc.  Fuel  system  design  has 
been  known  to  promote  such  asymmetry,  for  example,  at  prolonged  small 
sideslip  in  cruising  flight. 


3.2.2 


Moments  and  Products  of  Inertia 


A.  SEASON  FOR  REQUIREMENT 

Inertial  characteristics  of  the  aircraft  affects  its  flying  quali¬ 
ties,  so  the  contractor  must  define  the  inertias  for  all  expected  load¬ 
ings. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3.1.3 

C.  STATEMENT  OF  REQUIREMENT 

3.1.2  Moments  and  Products  of  Inertia.  The  contractor  shall  define 
the  moments  and  products  of  inertia  of  the  aircraft  associated  with  all 
loadings  of  3.1.1.  The  requirements  of  this  specification  shall  apply 
for  all  moments  and  products  of  inertia  so  defined. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  need  for  such  a  requirement  should  be  self-evident. 

E.  GUIDANCE  FOR  APPLICATION 

In  any  preliminary  design  of  an  aircraft,  inertias  must  be  estimated 
in  order  to  determine  the  dynamic  flying  qualities;  there  should  not  be 
any  difficulty  in  meeting  this  requirement. 

F.  DEMONSTRATION  OF  REQUIREMENT 

The  procuring  activity  may,  at  its  discretion,  wish  to  review  the 
methods  used  in  estimating  or  measuring  the  inertial  characteristics 
specified.  If  deemed  necessary,  checks  of  estimates  can  be  made  by 
ground  tests  (e.g.,  forced  oscillations  using  equipment  such  as  that  at 
the  Air  Force  Flight  Test  Center)  or  parameter  estimation  from  flight 
test  data. 
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C.  SUPPORTING  MIA 


r 


None* 


H.  LESSONS  LEASHED 


None. 


3.1.3 


External  Stores 


A.  REASON  FOR  REQUIREMENT 


Once  the  procuring  activity  has  specified  the  stores  to  be  consid¬ 
ered,  the  contractor  must  assure  that  evaluation  of  the  aircraft  with 
these  store  combinations  covers  all  operational  flight  conditions. 

B.  RELATED  NIL-F-8785C  REQUIREMENT 

3.1.4 

C.  STATEMENT  OF  REQUIREMENT 


3.1.3  External  Stores.  The  external  stores  and  store  combinations 
to  be  considered  are  as  follows:  _ .  The  require¬ 
ments  of  this  Standard  shall  apply  to  these  store  conditions.  The 
effects  of  external  stores  on  the  weight,  moments  of  inertia,  center-of- 
gravity  position,  and  aerodynamic  characteristics  of  the  aircraft  shall 
be  considered  for  each  mission  Flight  Phase.  When  the  stores  contain 
expendable  loads,  the  requirements  of  this  Standard  apply  throughout  the 
range  of  store  loadings. 

D.  RATIONALE  BEHIND  REQUIREMENT 


Specification  of  stores  and  stores  combinations  affects  the  overall 
ability  of  the  aircraft  to  meet  its  mission  requirements. 

E.  GUIDANCE  FOR  APPLICATION 


In  determining  the  range  of  store  loadings  to  be  specified  in  the 
contract,  the  procuring  activity  should  consider  such  factors  as  store 
mixes,  possible  points  of  attachment,  and  asymmetries  —  initial,  after 
each  pass,  and  the  result  of  failure  to  release.  The  contractor  may 
find  it  necessary  to  propose  limitations  on  store  loading  to  avoid 
excessive  design  penalties.  Since  such  limitations  are  restrictive 
operationally,  the  procuring  activity  may  be  reluctant  to  approve  them. 

The  designer  should  attempt  to  assure  that  there  are  no  restrictions 
on  store  placement  on  the  aircraft  within  the  range  of  design  stores. 
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However,  ic  Is  recognized  that  occasionally  this  goal  will  be  impracti¬ 
cable  on  some  designs.  It  may  be  Impossible  to  avoid  exceeding  aircraft 
limits,  or  excessive  design  penalties  may  be  incurred.  Then,  insofar  as 
considerations  such  as  standardized  stores  permit,  it  should  be  made 
physically  impossible  to  violate  necessary  store  loading  restrictions* 
If  this  too  should  not  be  practicable,  the  contractor  should  submit  both 
an  analysis  of  the  effects  on  flying  qualities  of  violating  the  restric¬ 
tions  and  an  estimate  of  the  likelihood  that  the  restrictions  will  be 
exceeded. 

Stores  can  have  mass,  inertial  and  aerodynamic  effects,  typically 
decreasing  both  longitudinal  and  directional  aerodynamic  stability, 
increasing  moments  of  inertia  and  the  roll-mode  time  constant,  and  in¬ 
creasing  susceptibility  to  departure  from  controlled  flight  and  the  dif¬ 
ficulty  of  recovery.  The  available  control  power  limits  the  amounts  of 
inertia  increase  and  instability  that  can  be  tolerated.  Store  separa¬ 
tion  is  a  prime  concern. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  wording  of  the  requirement  makes  compliance  straightforward. 
Often  the  large  number  of  possible  stores  combinations  will,  from  a 
practical  standpoint,  limit  flight  demonstration  to  a  few  cases.  A 
careful  analysis  before  flight  testing  will  assure  that  the  most  criti¬ 
cal  combinations  (from  a  flying  qualities  perspective)  are  being  evalu¬ 
ated. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

High-angle-of-attack  testing  conducted  on  the  F-15  (Reference  251) 
shows  a  degradation  in  flying  qualities  and  departure  resistance  with 
external  stores.  Stores  tests  with  the  F-16  (Reference  252)  show 
similar  results,  and  serve  to  illustrate  the  importance  of  defining  a 
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comprehensive  set  of  conditions  for  investigating  stores  effects.  For 
example,  during  ground  taxi  of  the  F-16,  "The  pilot  noticed  a  leaning  or 
tip-over  sensation  especially  during  light  weight  taxi  with  a  strong 
crosswind,  tight  turns,  or  with  asymmetric  store  loadings." 
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3.1.4 


Conf Igurat Ions 


A.  SEASON  FOR  REQUIREMENT 

This  requirement  is  intended  to  assure  that  all  expected  aircraft 
configurations  are  considered,  and  that  the  conditions  for  compliance 
are  sufficiently  called  out. 

B.  RELATED  HIL-F-8785C  REQUIREMENT 


3.1.5 


C.  STATEMENT  OF  REQUIREMENT 

3.1.4  Configurations .  The  requirements  of  this  specification  shall 
apply  for  all  configurations  required  or  encountered  in  the  applicable 
Flight  Phases  of  Section  1.4.  A  configuration  is  defined  by  the  posi¬ 
tions  and  adjustments  of  the  various  selectors  and  controls  available  to 
the  crew  except  for  pitch,  roll,  yaw,  throttle  and  trim  controls.  Exam¬ 
ples  are:  the  flap  control  setting  and  the  yaw  damper  ON  or  OFF.  The 
selected  conf igurations  to  be  examined  must  consist  of  those  required 
for  performance  and  mission  accomplishment.  Additional  configurations 
to  be  investigated  are  defined  as  follows:  _ •  Con¬ 

trol  positions  which  activate  stability  augmentation  necessary  to  meet 
the  requirements  of  this  standard  are  considered  to  be  always  ON  unless 
otherwise  specified. 

D.  RATIONALE  BEHIND  REQUIREMENT 


All  aircraft  configurations  either  necessary  or  likely  to  be  encoun¬ 
tered  must  be  evaluated. 

E.  GUIDANCE  FOR  APPLICATION 


The  designer  must  define  the  configuration  or  configurations  which 
his  aircraft  will  have  during  each  Flight  Phase.  This  includes  the  set¬ 
tings  of  such  controls  as  flaps,  speed  brakes,  landing  gear,  wing  sweep, 
high  lift  devices,  and  wing  incidence  that  are  related  uniquely  to  each 
aircraft  design.  The  requirement  specifies  that  the  configurations  to 
be  examined  shall  be  those  required  for  performance  and  mission  accomp¬ 
lishment.  The  position  of  yaw,  roll,  pitch,  trim  controls  and  the 
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thrust  setting  are  not  included  in  the  definition  of  configuration  since 
the  positions  of  these  controls  are  usually  either  specified  in  the 
individual  requirements  or  determined  by  the  specified  flight  condi¬ 
tions. 

The  requirements  are  stated  for  Flight  Phases,  rather  than  for 
aircraft  configurations.  The  flying  qualities  should  generally  be  a 
function  of  the  job  to  be  done  rather  than  of  the  configuration  of  the 
aircraft.  Special  considerations  or  features  may  require  investigation 
of  additional  configurations. 

F.  DEMONSTRATION  OF  COMPLIANCE 

This  is  defined  by  the  requirement  itself,  and  by  any  specific 
requirements  from  the  procuring  activity. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3. 1.5 


Allowable  Levels  for  Aircraft  Normal  States 


3. 1.5.1 

Within  Operational  Flight 

Envelopes 

3. 1.5.2 

Within  Service  Flight  Envelopes 

3. 1.5.3 

Within  Permissible  Flight 

Envelopes 

3. 1.5.4 

For  ground  operation 

A.  REASON  FOR  REQUIREMENTS 

Levels  of  flying  qualities  as  indicated  in  1.7  are  employed  to  spe¬ 
cify  the  minimum  allowable  handling  qualities  for  an  aircraft  operating 
in  a  normal,  i.e.,  unfailed  state. 

Considered  as  a  group,  this  set  of  requirements  specifies  the  flying 
qualities  Levels  to  be  attained  in  all  areas  of  operations  with  and 
without  turbulence. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.1.10,  3.1.10.1,  3.1.10.3.1,  3.1.10.3.3,  3.8.3,  3. 8. 3. 1 

C.  STATEMENT  OF  REQUIREMENTS  AND  RECOMMENDED  LEVELS 

3.1.5  Allowable  Levels  for  Aircraft  Normal  States 

3.1.5. 1  Within  Operational  Flight  Envelopes.  The  minimum  required 
flying  qualities  for  the  Aircraft  Normal  State  within  the  Operational 

Flight  Envelope  will  be  Level  _ .  To  account  for  degradation  in 

handling  qualities  due  to  atmospheric  disturbances  the  requirements  will 
be  adjusted  as  a  function  of  disturbance  magnitude  according  to  the 
requirements  of  Paragraph  3.9.1. 

| 

3. 1.5. 2  Within  Service  Flight  Envelopes.  The  minimum  required  fly¬ 

ing  qualities  for  the  Aircraft  Normal  State  within  the  Service  Flight 
Envelope  but  outside  the  Operational  Flight  Envelope  will  be  Level  _ . 

3. 1.5.3  Within  Permissible  Flight  Envelopes.  From  all  points  ] 

in  the  Permissible  Flight  Envelopes  and  outside  the  Service  Flight  Enve¬ 
lope,  it  shall  be  possible  readily  and  safely  to  return  to  the  Ser-  j 

vice  Flight  Envelope  without  exceptional  pilot  skill  or  technique.  The 
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requirements  on  flight  at  high  angle  of  attack,  dive  characteristics 
dive  recovery  devices  and  dangerous  flight  conditions  shall  also  apply. 


3. 1.5. A  For  ground  operation.  Some  requirements  pertaining  to 
taxiing  involve  operation  outside  the  Operational,  Service,  and  Permis¬ 
sible  Flight  Envelopes,  as  at  Vg  or  on  the  ground.  When  requirements 
are  stated  at  conditions  such  as  these,  the  Levels  shall  be  applied  as 
if  the  conditions  were  in  the  Operational  Flight  Envelope. 


Recommended  levels:  The  recommended  levels  are  given  in  Table  1. 


TABLE  1  (3.1.5) 

RECOMMENDED  LEVELS  FOR  AIRCRAFT  NORMAL  STATES 


WITHIN  OPERATION 
FLIGHT  ENVELOPE 

WITHIN  SERVICE 
FLIGHT  ENVELOPE 

Level  1 

Level  2 

D.  RATIONALE  BEHIND  REQUIREMENTS 

These  requirements  are  taken  directly  from  MIL-F-8785C  with  a  minor 
addition  referencin  .he  allowable  degradations  due  to  atmospheric  dis¬ 
turbances  as  given  in  Paragraph  3.9.1.  These  Normal  States  represent 
the  usual  modes  of  piloted  flight.  The  rationale  is  discussed  under 
1.5.2  and  1.5.3. 

E.  GUIDANCE  FOR  APPLICATION 

Aircraft  Normal  States  include  both  all-up  operation  and  degrada¬ 
tions/failures  that  are  sufficiently  probable  to  be  considered  Normal. 
See  3. 1.6.1  for  guidance  on  the  latter. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Does  not  apply. 
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SUPPORTING  DATA 


None 

LESSONS  LEARNED 

None* 
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3.1.6 


Allowable  Levels  for  Aircraft  Failure  States 


DISCUSSION 

Higher  performance  of  aircraft  has  led  to  ever-expanding  Flight 
Envelopes,  Increased  control  system  complexity,  and  the  necessity  to 
face  the  problem  of  equipment  failures  in  a  realistic  manner.  The 
specification  of  Levels  corresponding  to  failure  states  is  directed  at 
the  achievement  of  adequate  flying  qualities  without  imposing  undue 
requirements  that  could  lead  to  unwarranted  system  complexity  or 
decreased  flight  safety.  For  example,  an  airplane  with  two  separate 
pitch  controllers  is  safer  from  the  standpoint  of  controller  jam  but  the 
probability  of  such  a  failure  is  higher.  Without  actually  requiring  a 
good-handling  basic  airframe,  the  MIL  Standard  requires: 

•  High  probability  of  good  flying  qualities  where  the  air¬ 
craft  is  expected  to  be  used. 

•  Acceptable  flying  qualities  in  reasonably  likely,  yet 
infrequently  expected,  conditions. 

•  A  floor  to  assure,  to  the  greatest  extent  possible,  at 
least  a  flyable  aircraft  no  matter  what  failures  occur. 

•  A  process  to  assure  that  all  the  ramifications  of  reliance 
on  powered  controls,  stability  augmentation,  etc.,  receive 
proper  attention. 

TVo  options  are  presented  to  allow  the  procuring  agency  to  quantita¬ 
tively  specify  the  allowable  degradation  in  flying  qualities  due  to 
failure  states.  The  first  option  is  unchanged  from  MIL-F-8785C.  It 
involves  the  following  failure  probability  calculations: 

1)  Identify  those  Aircraft  Failure  States  which  have  a  signi¬ 
ficant  effect  on  flying  qualities  (3. 1.6.2). 

2)  Calculate  the  probability  of  encountering  various  Aircraft 
Failure  States,  per  flight. 

3)  Determine  the  degree  of  flying  qualities  degradation  asso¬ 
ciated  with  each  Aircraft  Failure  State. 
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4)  Compute  the  total  probability  of  encountering  Level  2  and 
3  flying  qualities  in  the  Operational  Flight  Envelope. 

This  total  will  be  the  sum  of  the  probability  of  each 
failure  if  the  failures  are  statistically  independent. 

The  second  option  assumes  that  certain  failures  and/or  combinations 
of  failures  will  occur  regardless  of  their  probability  (which  is  not 
calculated).  As  in  Option  1,  the  degraded  flying  qualities  for  each 
selected  Failure  State  are  then  evaluated.  This  approach  is  referred  to 
as  Generic  Failure  Analysis.  The  generic  failure  analysis  (Option  2)  is 
provided  to  allow  a  formal  Handbook  requirement  that  reflects  current 
industry  practice.  The  procuring  activity  may  in  fact  require  proba¬ 
bility  calculations  for  certain  axes  and/or  system  components  and  a 
generic  failure  analysis  for  others.  The  generic  failure  analysis 
therefore  encompasses  the  requirements  for  specific  failures  of  MIL-F- 
8785C  (3.1.10.2.1),  Reference  4. 


3. 1.6.1  Probability  Calculations 


A.  REA  SOM  FOB  REQUIREMENT 


This  requirement  is  included  to  provide  a  sound  analytical  method 
for  accounting  for  the  effects  of  failures. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.1.10.2 


C.  STATEMENT  Of  REQUIRBfENT  AMD  RECOMMENDED  VALUES 

3. 1.6.1  Probability  Calculation.  When  Aircraft  Failure  States 
exist  (1.6.2),  a  degradation  in  flying  qualities  is  permitted  only  if 
the  probability  of  encountering  a  lover  Level  than  specified  in  Para. 
3.1.5  is  sufficiently  small.  The  contractor  shall  determine,  based  on 
the  most  accurate  available  data,  the  probability  of  occurrence  of  each 
Aircraft  Failure  State  per  flight  hour  within  the  Operational  and  Ser¬ 
vice  Flight  Envelopes.  Each  specific  failure  is  assumed  to  be  present 
at  idiichever  point  in  the  Flight  Envelope  being  considered  is  most  crit¬ 
ical  (in  the  flying  qualities  sense).  From  these  Failure  State  proba¬ 
bilities  and  effects,  the  contractor  shall  determine  the  overall  proba¬ 
bility,  per  flight  hour,  that  one  or  more  flying  qualities  are  degraded 
to  Level  2  because  of  one  or  more  failures.  The  contractor  3hall  also 
determine  the  probability  that  one  or  more  flying  qualities  are  degraded 
to  Level  3.  These  probabilities  shall  be  less  than  the  values  shown  in 
Table  I. 


TABLE  1  (3.1.6. 1) 

LEVELS  FOR  AIRCRAFT  FAILURE  STATES 


PROBABILITY  OF 
ENCOUNTERING 

WITHIN  OPERATIONAL 
FLIGHT  ENVELOPE 

WITHIN  SERVICE 
FLIGHT  ENVELOPE 

Level  2  after  failure 

< _ per  flight  hr 

Level  3  after  failure 

< _  per  flight  hr 

< _  per  flight  hr 

Recommended  Levels  are  given  in  Table  2. 
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TABLE  2  (3. 1.6.1) 


RECOMMENDED  LEVELS  FOR  AIRCRAFT  FAILURE  STATES 


PROBABILITY  OF 

WITHIN  OPERATIONAL 

WITHIN  SERVICE 

ENCOUNTERING 

FLIGHT  ENVELOPE 

FLIGHT  ENVELOPE 

Level  2  after  failure 

<  2.5  x  10-3 
per  flight  hr 

Level  3  after  failure 

<  2.5  x  10-5 

<  2.5  x  10-3 

per  flight  hr 

per  flight  hr 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  similar  MIL-F-8785C  (Reference  4)  requirement  specified  failure 
probabilities  as  a  function  of  number  of  flights,  rather  than  flight 
hours.  As  discussed  in  "Supporting  Data,"  a  typical  flight  time  of  four 
hours  was  used  for  the  8785C  numbers.  The  Table  2  recommended  proba¬ 
bilities  are  now  a  function  of  flight  hour,  simply  dividing  the  8785C 
numbers  by  4.  This  assures  that  the  requirements  are  constant  with 
operational  mission  time,  where  in  the  past  the  requirements  were  easier 
to  meet  for  aircraft  with  very  short  operational  flight  times  and  harder 
to  meet  for  aircraft  with  very  long  flights. 

Limited  degradation  of  flying  qualities  (e.g..  Level  1  to  Level  2) 
is  acceptable  if  the  combined  probability  of  such  degradation  is 
small.  If  the  probability  is  high,  then  no  degradation  beyond  the  Level 
required  for  Normal  States  is  acceptable  after  the  failure  occurs. 
Another  way  of  stating  this  is  that  in  the  Operational  Envelope  the  pro¬ 
bability  of  encountering  Level  2  any  time  at  all  on  a  given  four-hour 
flight  should  not,  for  example,  according  to  the  Table  2  recommenda¬ 
tions,  exceed  10"“3,  and  the  probability  of  encountering  Level  3  on  any 
portion  of  the  flight  should  not  exceed  10~^.  Somewhat  reduced 
requirements  should  also  be  imposed  for  flight  within  the  Service  Flight 
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Envelope,  for  both  Normal  and  Failure  States*  Outside  the  Service 
Flight  Envelope,  most  of  the  requirements  of  the  MIL  Standard  do  not 
apply*  There  Is,  however,  a  qualitative  requirement  to  be  able  to 
return  to  the  Service  Flight  Envelope  after  a  failure  (l*e*,  Para. 
3.1* 5.3). 

8.  GUIDANCE  FOR  APPLICATION 

The  discussions  that  follow  are  taken  from  Reference  11. 

Implementation  of  the  Level  concept  involves  both  reliability  analy¬ 
ses  (to  predict  failure  probabilities)  and  failure  effect  analyses  (to 
Insure  compliance  with  requirements).  Both  types  of  analyses  are  in 
direct  accord  with,  and  in  the  spirit  of,  MIL-STD-756A  (reliability  pre¬ 
diction)  and  MIL-S-38130A  (safety  engineering).  These  related  speci¬ 
fications  are,  in  turn,  mandatory  for  use  by  all  Departments  and  Agen¬ 
cies  of  the  Department  of  Defense.  Implementation  of  the  flying  quali¬ 
ties  specification  is,  for  the  most  part,  a  union  of  the  work  required 
by  these  related  specifications  with  normal  stability  and  control  analy¬ 
sis* 

Failure  States  influence  the  aircraft  configurations,  and  even  the 
mission  Flight  Phases,  to  be  considered.  All  failures  that  could  have 
occurred  previously  must  be  examined,  as  well  as  all  failures  which 
might  occur  during  the  Flight  Phase  being  analyzed.  For  example, 
failure  of  the  wings  to  sweep  forward  during  descent  would  require  con¬ 
sideration  of  a  wlngs-aft  landing  that  otherwise  would  never  be  encoun¬ 
tered.  There  are  failures  that  would  always  result  in  an  aborted 
mission,  even  in  a  war  emergency.  The  pertinent  Flight  Phases  after 
such  failures  would  be  those  required  to  complete  the  aborted  (rather 
than  the  planned)  mission.  For  example,  failure  of  the  flaps  to  retract 
after  takeoff  might  mean  a  landing  with  flaps  at  the  takeoff  setting, 
with  certain  unexpended  external  stores;  but  supersonic  cruise  would  be 
Impossible.  If  the  mission  might  be  either  continued  or  aborted,  both 
contingencies  need  to  be  considered. 
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There  are  some  special  requirements  pertaining  to  failure  of  the 
engines  and  the  flight  control  system.  For  these  special  requirements 
the  pertinent  failure  is  assumed  to  occur  (with  a  probability  of  1), 
with  other  failures  considered  at  their  own  probabilities*  For  all 
other  requirements,  the  actual  probabilities  of  engine  and  flight  con¬ 
trol  system  failure  are  to  be  accounted  for  in  the  same  manner  as  for 
other  failures* 

Mote  that  specific  Special  Failure  States  (1.6*3)  may  be  approved; 
these  Failure  States  need  not  be  considered  in  determining  the  proba¬ 
bility  of  encountering  degradation  to  Level  3.  This  allows  each  catas¬ 
trophic  failure  possibility  to  be  considered  on  its  own.  Requiring 
approval  for  each  Special  Failure  State  gives  the  procuring  activity  an 
opportunity  to  examine  all  the  pertinent  survivability  and  vulnerability 
aspects  of  each  design*  Survivability  and  vulnerability  are  important 
considerations,  but  it  has  not  yet  been  possible  to  relate  any  specific 
flying  qualities  requirements  to  them. 

A  typical  approach  (but  not  the  only  one)  for  the  system  contractor 
is  outlined  below. 

1.  Initial  Design 

The  basic  airframe  is  designed  for  a  Level  1  "target"  in  respect  to 
most  flying  qualities  in  the  Operational  Flight  Envelope.  It  may  quick¬ 
ly  become  apparent  that  some  design  penalties  would  be  inordinate  (per¬ 
haps  to  provide  sufficient  aerodynamic  damping  of  the  short  period  and 
dutch  roll  modes  at  high  altitude);  in  those  cases  the  basic  airframe 
"target"  would  be  shifted  to  Level  2.  In  other  cases  it  may  be  rela¬ 
tively  painless  to  extend  some  Level  1  flying  qualities  over  the  wider 
range  of  the  Service  Flight  Envelope.  Generally  the  design  will  result 
in  Level  1  flying  qualities  in  some  regions  and,  perhaps.  Level  2  or 
Level  3  in  others.  Augmentation  of  one  form  or  another  (aerodynamic 
configuration  changes,  response  feedback,  control  feedforward,  signal 
shaping,  etc.)  would  be  incorporated  to  bring  flying  qualities  up  to 
Level  1  in  the  Operational  Flight  Envelope  and  to  Level  2  in  the  Service 
Flight  Envelope. 


2.  Initial  Evaluation 


The  reliability  and  failure  mode  analyses  are  next  performed  to 
evaluate  the  nominal  system  design  evolved  above*  All  aircraft  subsys¬ 
tem  failures  that  affect  flying  qualities  are  considered*  Failure  rate 
data  for  these  analyses  may  be  those  specified  in  the  related  specifica¬ 
tions,  other  data  with  supporting  substantiation  and  approval  as  neces¬ 
sary,  or  specific  values  provided  by  the  procuring  agency.  Prediction 
methods  used  will  be  in  accordance  with  related  specifications.  The 
results  of  this  evaluation  will  provide:  a)  a  detailed  outline  of 
design  points  that  are  critical  from  a  flying  qualities/flight  safety 
standpoint;  b)  quantitative  predictions  of  the  probability  of  encounter¬ 
ing  Level  2  in  a  single  flight  within  the  Operational  Flight  Envelope, 
Level  3  in  the  Operational  Envelope,  and  Level  3  in  the  Service  Enve¬ 
lope;  and  c)  recommended  airframe/equipment  changes  to  improve  flying 
qualities  or  increase  subsystem  reliability  to  meet  the  specification 
requirements.  It  should  be  noted  that  the  flying  qualities/flight 
safety  requirements  are  concerned  with  failure  mode  effects,  while  other 
specifications  provide  reliability  requirements  per  se  (all  failures 
regardless  of  failure  effects).  In  the  event  of  a  conflict,  the  most 
stringent  requirement  should  apply. 

3.  Re-Evaluation 

As  the  system  design  progresses,  the  initial  evaluation  is  revised 
at  intervals.  This  process  continues  throughout  the  design  phase,  with 
review  by  the  procuring  activity  at  times  consonant  with  other  reviewer 
activity. 

The  results  of  the  analyses  of  vehicle  flying  qualities/flight 
safety  may  be  used  directly  to:  a)  establish  flight  test  points  that 
are  critical  and  should  be  emphasized  in  the  flight  test  program; 
b)  establish  pilot  training  requirements  for  the  most  probable,  and 
critical,  flight  conditions;  and  c)  provide  guidance  and  requirements 
for  other  subsystem  designs. 
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r.  DEMOBS T8ATI0B  OF  OOMFL1AKE 

The  failure  modes  and  effects  analysis  will  highlight  items  which 
need  to  be  checked  by  piloted  simulation  and  flight  test  —  although 
safety  considerations  may  limit  flight  test.  Further,  compliance  is 
demonstrated  on  the  basis  of  the  probability  calculations  and  checked  as 
accumulated  flight  experience  permits.  All  of  the  assumptions,  such  as 
Independence  of  failure  modes,  etc.,  should  be  firmly  established  and 
mutually  agreed  upon  by  the  contractor  and  SPO.  The  combined  effects  of 
turbulence  and  failures  should  also  be  considered.  It  is  recommended 
that  the  boundaries  given  in  Fig.  1  serve  as  guidelines  for  these  com¬ 
bined  effects. 


Figure  1  (3.1.6. 1).  Definition  of  Levels  Which  Include  Atmospheric 
Disturbances  as  well  as  Failures 
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The  combined  effects  of  failures  and  turbulence  should  be  validated 
in  a  manned  simulation.  Multiple-axis  failures  should  also  be  simu¬ 
lated,  especially  where  the  flying  quality  parameters  result  in  pilot 
ratings  near  the  applicable  Level  lower  limits. 

Proof  of  compliance  is,  for  the  most  part,  analytical  in  nature  as 
far  as  probabilities  of  failure  are  concerned.  However,  some  failure 
rate  data  on  the  actual  flight  equipment  may  become  available  during 
final  design  phases  and  during  flight  test,  and  any  data  from  these  or 
other  test  programs  should  be  used  to  further  demonstrate  compliance. 
Stability  and  control  data  of  the  usual  type  (e.g.,  predictions,  wind 
tunnel,  flight  test)  will  also  be  used  to  demonstrate  compliance. 
Finally,  the  results  of  all  analyses  and  tests  will  be  subject  to  normal 
procedures  of  procuring  agency  approval. 

G.  SUPPORTING  DATA 

The  numerical  values  in  Table  1  should  reflect  specific  requirements 
for  a  given  weapon  system.  The  procuring  activity  engineer  should,  as  a 
matter  of  course,  confer  with  both  the  using  command  representative  and 
the  reliability  engineers  to  assure  that  the  probabilities  associated 
with  the  Levels  are  consistent  with  the  overall  design  goals.  However, 
the  recommended  values  of  Table  2  are  reasonable,  based  on  experience 
with  past  aircraft.  To  illustrate  this,  the  following  table  presents 
actual  control  system  failure  information  for  several  piloted  aircraft: 

Mean  Time  Between 

Reference  _ System _  Malfunctions  (MTBM) 


29 

F-101B 

86  hours 

29 

F-104 

300  hours 

29 

F-105D  (Flight  Control 

14  hours 

plus  Electronics) 

29 

E-IB 

185  hours 

30 

B-58 

20  hours 

Unfortunately  the  flying  qualities  effects  of  the  reported  failures  are 
not  given  along  with  the  above  data.  Reference  31  indicates,  however, 
that  the  mean  time  between  "critical"  failures  is  about  five  times  the 
MTBM.  If  "critical"  failures  are  ones  that  degrade  one  or  more  flying 
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qualities  to  Level  2,  then  for  a  typical  average  flight  time  of  four 
hours: 


P(Level  2)  *  Probability  of  encountering  Level  2  flying 

qualities  during  a  single  flight 


This  yields: 


-  1  - 

•  4 

5(MTBM) 


System 

P(Level  : 

F-101B 

0.0093 

F-104 

0.0027 

F-105D 

0.057 

E-IB 

0.0043 

B-58 

0.040 

These  data  indicate  that  all  systems,  with  the  exceptions  of  the 
F-105D  (where  electronic  components  represented  in  the  data  might  not 
degrade  flying  qualities  upon  failure)  and  the  B-58,  meet  the  require- 

_2 

ment  for  P(Level  2)  <  10  (or  one  out  of  a  hundred  flights).  Numbers 
of  roughly  the  same  magnitude  have  been  used  for  both  American  (Refer¬ 
ence  32)  and  Anglo-French  (Reference  33)  supersonic  transport  design. 

A  more  significant  analysis  was  conducted  on  the  F-4  by  the  former 
Air  Force  Flight  Dynamics  Laboratory  (Reference  239).  The  level  of 
degradation  used  in  this  report  was  based  on  whether  or  not  the  failure 
resulted  in  an  abort.  Failures  without  abort  were  considered  degraded 
to  Level  2,  and  those  which  caused  an  abort  were  considered  degraded  to 
Level  3.  The  results  showed  that  the  F-4  handling  qualities,  in  an 
average  2.57  hour  flight,  will  be  degraded  to  Level  2  on  an  average,  of 
0.043/flight,  and  to  Level  3  a  maximum  of  0.0021/flight  (21  x  10~4). 
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A  similar  comparison  can  be  made  between  accident  loss  rates  and  the 
requirement  for  F (Level  3)  <  2. 5  *  lO^/flight  hour.  It  should  be 
emphasized  that  Level  3  as  defined  in  Para.  1.7  and  In  the  requirements 
represents  a  safe  aircraft  to  fly.  However,  due  to  a  lack  of  knowledge 
in  some  instances,  especially  when  many  flying  qualities  are  degraded  at 
once,  the  Level  3  boundaries  are,  while  not  necessary  totally  safe,  at 
least  "safety  related."  Reference  34  indicates  the  following  aircraft 
accident  loss  rates  during  1967.  Also  shown  is  the  probability  of  air¬ 
craft  loss,  per  4-hour  flight,  for  an  assumed  exponential  loss  distribu¬ 
tion. 


1967  Loss  Rate  Probability  of  Loss 

Aircraft  (Losses/lOQ. 000  Hr)  During  4 -Hour  Flight 


F-101 

15 

6 

X 

10-4 

F-104 

23 

9.2 

X 

10'4 

F-105 

17 

6.8 

X 

10-4 

F-106 

10 

4 

X 

10"4 

F-4 

14.1 

5.64 

X 

10“4 

F-102 

9 

3.6 

X 

l 

o 

H 

F-100 

10 

4 

X 

1 

o 

H 

Avg  1 4  Avg 

5.6 

X 

10-4 

If  Level  3  represented  a  safety  problem,  which  it  conservatively  does 
not,  then  the  allowable  10“4  probability  of  encounter  per  4-hour  flight 
would  account  for  about  1/4  to  1/9  of  the  total  probability  of  aircraft 
loss.  That  is,  flying-qualities-oriented  losses  would  represent  about 
1/4  to  1/9  of  all  losses.  Other  losses  could  be  due  to  engine  failures, 
etc.  Based  on  experience  therefore,  the  recommended.  Table  2  value  is 
reasonable. 

As  a  final  note.  Reference  35  indicates  an  Army  aircraft  accident 
rate  of  22.2/100,000  hours  which  is  very  close  to  the  previously  cited 
experience  with  a  number  of  Air  Force  aircraft. 
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H.  LESSONS  LEASHED 


The  following 
regarding  lessons 

F-16: 


F-15,  F-16, 


B-l/AMST: 


F-15,  A-10: 


A-10: 


F-5E: 


excerpts  were  taken  from  written  comments  made  by  ASD 
learned  utilizing  Para.  3.1.10  of  MIL-F-8785B. 


Levels  were  applied  to  failures  without 
calculating  probabilities;  assumed  that 
if  a  failure  could  occur,  it  would  even¬ 
tually  (i.e.,  generic  failure  analyses) 


F-105:  Low  confidence  in  failure  probability 

calculations;  better  to  consider  indivi¬ 
dual  failures  (i.e.,  generic  failure 
analyses) 


See  ASD  TR-78-13  (Reference  36)  for 
approach  to  failure  states  taken  on  B-l 
and  AMST.  Probability  analysis  was 
used.  B-l  experience  with  a  10-hour 
mission  indicated  that  the  probability 
of  encountering  Level  3  of  10”  vflight 
[as  required  in  8785B]  was  extremely 
difficult  and  was  not  met. 


Very  hard  to  determine  realistic  proba¬ 
bilities;  recommend  defining  special 
failure  states  from  past  experience 
(i.e.,  generic  failure  analyses) 

Only  specific  failures  were  investigated 
(i.e.,  generic  failure  analyses);  most 
of  front  section  of  spec  not  really 
used. 


Flight  outside  the  Operational  Flight 
Envelope  should  not  be  considered  abnor¬ 
mal;  Para.  3.1.10.2  of  MIL-F-8785B 
deleted  as  useless. 
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3. 1.6. 2  Generic  Failure  Analysis 

A.  REASON  FOR  REQUIRWENI 

In  accordance  with  Che  foregoing  "lessons  learned,"  this  paragraph 
haa  been  included  Co  provide  a  way  to  specify  Che  allowable  degradation 
in  handling  qualities  due  to  failures  without  making  detailed  proba¬ 
bility  calculations. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3.1.10.2.1 

C.  STATEMENT  OF  REQUIREMENT 

3. 1.6.2  Generic  Failure  Analysis.  The  allowable  Flying  Quality 
Levels  for  each  of  the  Failure  States  in  Paragraph  1.6.2  are  defined  as 
follows:  _ . 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  approach  assumes  that  a  given  component,  or  series  of  compo¬ 
nents,  will  fail.  Furthermore,  it  is  assumed  the  failures  will  occur  in 
the  most  critical  flight  condition;  for  example,  a  yaw  damper  failure  at 
the  maximum  service  ceiling  in  turbulence.  Based  on  the  comments  made 
by  users  of  MIL-F-8785B  (see  "Lessons  Learned"  in  Para.  3. 1.6. 1),  this 
approach  is  a  reflection  of  the  way  things  are  sometimes  being  done. 

E.  GUIDANCE  FOR  APPLICATION 

The  selection  of  failures  to  be  considered  is  based  on  preliminary 
estimates  of  handling  quality  degradations.  For  example,  the  loss  of 
one  to  three  channels  of  a  quad-redundant  SCAS  may  have  no  effect.  Con¬ 
versely,  the  failure  of  a  single-channel  limited  authority  damper  would 
warrant  a  complete  analysis  and/or  simulation  to  determine  the  resulting 
degradation  in  flying  qualities. 

Because  the  selection  of  failure  modes  is  highly  dependent  on  the 
details  of  the  design,  close  coordination  between  the  contractor  and  the 

73 


-H 


procuring  activity  will  be  required  when  identifying  failure  modes  to  be 
analyzed.  Indeed,  this  is  currently  standard  practice. 

F.  DEMONSTRATION  OF  COMPLIANCE 

In  most  cases,  demonstration  of  cc  -liance  will  consist  of  showing 
that  the  flying  qualities  parameters  in  question  fall  within  the  pre¬ 
scribed  boundaries  for  specified  Levels.  Where  such  boundaries  are 
not  available,  either  ground-based  or  in-flight  simulation  will  be 
required.  Failures  in  more  chan  one  axis  that  cause  the  specified  fly¬ 
ing  quality  parameters  to  fall  near  the  lower  boundaries  should  also  be 
simulated.  Finally,  the  combined  effects  of  failures  and  turbulence 
should  be  investigated  utilizing  a  piloted  simulation. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

This  approach  has  been  utilized  on  the  F-15,  F-16,  A-10,  and  F-5E 
with  reasonable  success. 


3.1.7  Dangerous  Flight  Conditions 

3. 1.7.1  Warning  and  indication 

3. 1.7. 2  Devices  for  Indication,  warning,  prevention,  recovery 

A.  REASON  FOR  REQUIREMENT 


Approach  to  any  dangerous  flight  condition  must  he  clearly  indi¬ 
cated  to  the  pilot  with  sufficient  margin  (time,  control  power,  etc.)  to 
avoid  loss  of  control.  That,  together  with  limiting  the  frequency  of 
encounter,  is  the  essence  of  flight  safety  as  it  involves  flying  quali¬ 
ties. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.4.1,  3.4. 1.1,  3.4. 1.2 

C.  STATEMENT  Of  REQUIREMENTS 


3.1.7  Dangerous  Flight  Conditions.  Dangerous  conditions  may  exist 
where  the  aircraft  should  not  be  flown.  When  approaching  these  flight 
conditions,  it  shall  be  possible  by  clearly  discernible  means  for  the 
pilot  to  recognize  the  impending  dangers  and  take  preventive  action. 

3.1.7. 1  Warning  and  indication.  Warning  and  indication  of 
approach  to  a  dangerous  condition  shall  be  clear  and  unambiguous.  For 
example,  a  pilot  must  be  able  to  distinguish  readily  among  stall  warning 
(which  requires  pitching  down  or  increasing  speed),  Mach  buffet  (which 
may  indicate  a  need  to  decrease  speed),  and  normal  aircraft  vibration 
(which  indicates  no  need  for  pilot  action). 

3. 1.7.2  Devices  for  indication,  warning,  prevention,  recovery.  It 
is  intended  that  dangerous  flight  conditions  be  eliminated  and  the 
requirements  of  this  specification  met  by  appropriate  aerodynamic  design 
and  mass  distribution,  rather  than  through  incorporation  of  a  special 
device  or  devices.  As  a  minimum,  these  devices  shall  perform  their 
function  whenever  needed  but  shall  not  limit  flight  within  the  Opera¬ 
tional  Flight  Envelope.  Neither  normal  nor  inadvertent  operation  of 
such  devices  shall  create  a  hazard  to  the  aircraft.  For  Levels  1  and  2, 
nuisance  operation  shall  not  be  possible.  Functional  failure  of  the 
devices  shall  be  indicated  to  the  pilot. 
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0.  RATIONALE  BEHIND  REQUIREMENTS 


Paragraph  3.1.7  (and  its  subparagraphs)  were  deemed  necessary  to 
insure  that  the  pilot  is  properly  warned  when  approaching  dangerous 
flight  conditions,  particularly  near  the  extremes  of  the  flight  enve¬ 
lopes.  The  need  for  warning  may  not  become  apparent  until  late  in  the 
development  program  (or  after  it) ,  and  each  such  device  will  generally 
have  to  be  tailored  to  a  specific  set  of  conditions.  These  requirements 
clearly  apply  to  stall  warning  and  prevention  devices,  as  well  as  to 
other  types. 

Paragraph  3. 1.7.1  is  designed  to  discourage  prevention  devices  that 
create  more  problems  than  they  solve. 

E.  GUIDANCE  FOR  APPLICATION 

Application  of  these  requirements,  in  principle,  is  straightfor¬ 
ward;  difficulties  may  arise  only  when  deciding  if  a  flight  condition  is 
"dangerous." 

F.  DEMONSTRATION  OF  COMPLIANCE 

Ground  testing  will  be  necessary  to  assure  that  functional  failure 
of  any  warning  devices  is  indicated  to  the  pilot.  Ultimately,  flight 
testing  will  be  required  (see,  for  example,  MIL-S-83691 ) . 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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Interpretation  of  Subjective  Requirements 


A.  SEA. SOB  FOR  REQUIREMENT 


This  statement  is  included  to  clarify  the  authority  of  the  procure 
ing  activity  in  determining  compliance  with  subjective  requirements. 

B.  RELATED  MIL-P-8785C  REQUIREMENT 


3.1.11 


C.  STATEMENT  OF  REQUIREMENT 


3.1.8  Interpretation  of  Subjective  Requirements.  In  several 
instances  throughout  the  specification  subjective  terms,  such  as  objec¬ 
tionable  flight  characteristics >  realistic  time  delay,  normal  pilot 
technique  and  excessive  loss  of  altitude  or  buildup  of  speed,  have  been 
employed  where  insufficient  information  exists  to  establish  absolute 
quantitative  criteria.  Final  determination  of  compliance  with  require¬ 
ments  so  worded  will  be  made  by  the  procuring  activity. 

D.  RATIONALE  BEHIND  REQUIREMENT 


While  subjective  requirements  permit  wide  latitude  for  the  contract 
or  in  the  early  stages,  the  focus  in  the  flying  qualities  specifications 
has  been,  and  will  continue  to  be,  on  quantifying  all  requirements  for 
which  sufficient  data  exists.  The  procuring  activity  should  always  have 
final  power  in  accepting  compliance  with  subjective  requirements. 

E.  GUIDANCE  FOR  APPLICATION 


No  discussion  is  necessary. 

F.  DEMONSTRATION  OF  COMPLIANCE 


The  procuring  activity  will  rely  heavily  upon  comments  by  evalua¬ 
tion  pilots  in  determining  compliance  with  subjective  requirements. 


C.  SUPPORTING  DATA 


None* 

H.  LESSONS  MANNED 

None* 
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3.1.9  Interpretation  of  Quantitative  Requirements 

A.  REASON  FOR.  REQUIREMENT 


Equivalent  system  approximations  to  aircraft  response  characteris¬ 
tics  are  allowed  for  comparison  with  the  quantitative  requirements. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 1.12 

C.  STATEMENT  OF  REQUIREMENT 


3.1.9  Interpretation  of  (Xiantitative  Requirements.  The  numerical 
requirements  of  this  specification  generally  are  stated  in  terms  of  a 
linear  mathematical  description  of  the  aircraft.  Certain  factors,  for 
example  flight  control  system  nonlinearities  and  higher-order  character¬ 
istics  or  aerodynamic  nonlinearities,  can  cause  the  aircraft  response  to 
differ  significantly  from  that  of  the  linear  model.  The  contractor 
shall  determine  equivalent  classical  systems  which  have  responses  most 
closely  matching  those  of  the  actual  aircraft.  Then  those  numerical 
requirements  of  Section  3  which  are  stated  in  terms  of  linear  system 
parameters  (such  as  frequency,  damping  ratio  and  modal  phase  angles) 
apply  to  the  parameters  of  that  equivalent  system  rather  than  to  any 
particular  modes  of  the  actual  higher-order  system.  The  adequacy  of  the 
response  match  between  equivalent  and  actual  aircraft  shall  be  agreed 
upon  by  the  contractor  and  the  procuring  activity. 

D.  RATIONALE  BEHIND  REQUIREMENT 


This  requirement  was  implemented  in  MIL-F-8785C  in  acknowledgment 
of  the  increasing  complexity  of  aircraft  control  systems.  The  BIUG  for 
that  document.  Reference  122,  discusses  the  rationale  behind  this 
requirement  very  succinctly,  as  follows. 

In  the  past,  both  operational  experience  and  flying  qualities 
research  were  largely  limited  to  aircraft  which  behaved  in  the  classical 
manner:  response  to  control  and  disturbance  inputs  characterized  by 

transfer  functions  of  familiar  form.  The  effects  of  additional  dynamics 
introduced  through  the  flight  control  system  were  recognized  at  the 
time  MIL-F-8785B  was  written,  but  limited  knowledge  prevented  adequate 
treatment.  Still,  aircraft  design  developments  continue  to  emphasize 
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equalization  to  "improve"  aircraft  response.  In  Reference  80,  Staple- 
ford  discusses  both  good  and  bad  possibilities.  Certainly  one  would 
expect  that  failure  to  consider  one  or  more  dynamic  modes  in  the  fre¬ 
quency  range  of  pilot  control  would  give  erroneous  results.  Prime 
examples  include  the  F-14  (Reference  164)  and  the  YF-17  (Reference  165) 
designs.  The  F-14's  stability  augmentation  system  was  designed  to 
increase  the  low  short-period  frequency.  At  one  stage  it  did  that  well 
in  landing  approach,  but  it  also  introduced  higher-order  dynamics  which 
resulted  in  an  overall  "effective  short-period  frequency"  little  changed 
from  augmentation-off.  In  a  flight  evaluation  of  predicted  YF-17  char¬ 
acteristics  using  the  AFWAL-Calspan  NT-33  Variable  Stability  Airplane, 
pilots  rated  the  short-period  response  poor  to  bad.  (The  equivalent 
system  approach  may  not  have  been  used  to  improve  the  response.)  How¬ 
ever,  it  is  pertinent  that  a  configuration  intended  to  have  good  flying 
qualities  got  "good"  pilot  ratings  in  flight  only  after  the  flight  con¬ 
trol  system  compensation  had  been  simplified. 

Boothe,  et  al.  (Reference  160)  suggest  several  simple  mechaniza¬ 
tions  that  augment  stability  without  increasing  the  order  of  the  system 
response.  However,  prefilters,  forward-loop  compensation,  crossfeeds, 
etc.,  are  legitimate  design  tools  that  are  being  used  on  many  current 
aircraft  and  indeed  seem  to  be  the  norm.  These  artifacts  do  increase 
system  order  and  we  need  to  be  able  to  account  for  their  effects  in  the 
requirements.  Thus,  with  modern  flight  control  and  stability  augmenta¬ 
tion  systems,  there  is  considerable  confusion  regarding  the  "proper" 
selection  of  modal  parameters  such  as  short-period  frequency  and  damp¬ 
ing.  Correlation  of  Level  1  flying  qualities  with  characteristics  of 
the  bare  airframe  is  certainly  not  valid  for  augmented  aircraft  in 
general.  Stability  and  control  augmentation  frequently  Introduce  addi¬ 
tional  dynamics  in  the  frequency  range  of  pilot  control,  thereby  invali¬ 
dating  any  interpretation  of  the  requirements  in  terms  of  particular 
roots  of  a  transfer  function.  Although  these  fallacies  have  been 
pointed  out  many  times,  misinterpretations  continue.  The  feeling  is  not 
uncommon  that  some  requirements  just  do  not  apply.  To  clarify  applica¬ 
tion  of  the  requirements  to  flying  qualities  in  general  this  paragraph, 
3.1.9,  has  been  added. 
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In  reality,  we  are  only  intereated  in  pilots'  opiniona  as  to 
whether  the  actual  aircraft  dynamics  enable  the  appropriate  tasks  to  be 
performed  well  enough  with  acceptable  workload.  We  now  require,  there¬ 
fore,  that  the  active  dynamics  be  approximated  by  the  responses  of 
transfer  functions  of  classical  form.  The  appropriate  parameters  of 
this  equivalent  transfer  function  must  meet  the  modal  requirements  of 
the  specification.  This  so-called  "equivalent  system"  approach  allows 
continued  use  of  the  familiar  test  data  base  for  a  broad  range  of 
mechanizations.  It  has  been  advocated  strongly  by  Hodgkinson  and  others 
(References  80,  81,  85,  86), 

F.  GUIDANCE  FOR  APPLICATION 

The  preceding  discussion  should  not  be  taken  to  imply  that  there  is 
little  problem  with  applying  the  specification  requirements  to  equiva¬ 
lent  system  parameters.  For  configurations  which  exhibit  conventional- 
appearing  dynamics,  application  is  indeed  straightforward.  It  also 
appears  to  be  true  at  present  that  pilotB  are  most  comfortable  with 
response  dynamics  that  are  "natural,"  i«e«,  like  the  classical  modes. 
Certainly,  additional  prominent  modes  result  in  a  more  complicated 
dynamic  response.  As  we  consider  configurations  with  dynamics  that 
depart  more  and  more  from  the  classical  order  or  form,  then  more  and 
more  judgment  will  be  required  in  defining  the  appropriate  equivalent 
system  parameters  and  assessing  compliance  with  the  requirements, 
Hodgkinson  has  suggested  that  flying  qualities  will  be  poor  if  no 
equivalent  system  can  be  found  to  give  a  "good"  fit  to  the  actual 
response.  Success  of  the  equivalent  system  approach  in  applying  or 
defining  the  Level  2  and  3  boundaries  is  not  definite  at  this  time. 
There  are  also  questions  which  remain  to  be  answered.  Is  the  equivalent 
system  solution  unique?  (Not  universally,  it  seems,)  Can  the  equiva¬ 
lent  system  parameters  be  juggled  until  compliance  is  indicated?  (In 
limited  observations,  some  tendency  toward  equivalent  results  from  dif¬ 
ferent  techniques  has  been  noted,)  Are  requirements  necessary  for 
either  the  amount  or  the  quality  of  the  mismatch?  (To  date  this  has  not 
been  a  major  problem.)  In  spite  of  the  qualifying  remarks  and  the  above 
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questions,  this  spproach  Is  a  way  to  apply  known  requirements  to 
advanced  configurations  with  hlgh-order  dynamic  responses.  We  preserve 
the  validated  data  base  of  MIL-F-8785B  and  the  experience  In  Its  use. 
At  the  same  time  the  equivalent  systems  are  to  be  defined  by  matching  an 
appropriate  aircraft  response  to  pilot  control  input.  We  therefore 
focus  attention  on  the  quality  of  the  actual  overall  response  perceived 
by  the  pilot,  rather  than  imply  consideration  of  a  dominant  mode  as  may 
be  Inferred  (however  incorrectly)  from  MIL-F-8785B.  We  also  believe 
that  the  use  of  the  equivalent  system  approach  is  responsive  to  the 
needs  of  designers.  Failure  of  an  equivalent  system  parameter  to  meet 
the  requirement  then  Indicates  the  characteristic  of  the  system  (e.g., 
damping,  delay  or  lag,  etc.)  that  must  be  improved.  We  acknowledge  that 
the  use  of  equivalent  systems  is  not  a  magic  solution  to  good  flying 
qualities;  however,  properly  used  it  is  a  good  tool  for  designing  or 
evaluating  advanced  configurations  triiich  are  becoming  indiscriminately 
complex. 

F.  DEMONSTRATION  OF  COMPLIANCE 

In  order  to  demonstrate  corapl iance  with  the  modal  requirements  of 
MIL-F-8785C,  equivalent  systems  must  first  be  defined  to  approximate  the 
actual  aircraft  dynamics  whether  predicted  analytically  or  obtained  from 
flight  test.  Considerations  for  specific  axes  are  discussed  elsewhere 
following  the  appropriate  requirement.  In  general,  however,  it  is 
necessary  to  add  a  term  representing  a  time  delay  to  the  "classical 
form"  of  the  transfer  functions.  This  term  allows  a  closer  match  of  the 
higher-frequency  content  of  most  advanced  systems  considered  to  date. 
The  time  delay  has  been  correlated  with  pilot  opinion  ratings  and  has 
yielded  new  requirements. 

The  requirement  as  written  is  intended  to  allow  the  contractor  to 
use  any  reasonable  method  of  determining  the  equivalent  aircraft  sys¬ 
tems.  However,  the  procuring  activity  may  require  some  other  method  for 
final  compliance  demonstration. 
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C.  SUPPORTING  DATA 


None* 

H.  LESSONS  LEARNED 

None* 


3.1.10 


Quality  Assurance 


3.1.10.1  Compliance  demonstration 

A.  REASON  FOR  REQUIREMENTS 


These  requirements  are  Included  to  Indicate  acceptable  methods  for 
demonstrating  compliance  with  the  handling  qualities  criteria  in  the  MIL 
Standard . 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 


4.1,  4.1.2,  4.1.3 

C.  STATEMENT  ON  REQUIREMENTS 


3.1.10.1  Compliance  demonstration.  Compliance  with  tha  quantita¬ 
tive  requirements  of  Section  3  shall  be  demonstrated  through  analysis. 
In  addition,  compliance  with  many  of  the  requirements  will  be  demon¬ 
strated  by  simulation,  flight  test,  or  both.  The  methods  for  demon¬ 
strating  compliance  shall  be  established  by  agreement  between  the  pro¬ 
curing  activity  and  the  contractor.  Representative  flight  conditions, 
configurations,  external  store  complements,  loadings,  etc.,  shall  be 
determined  for  detailed  investigations  in  order  to  restrict  the  number 
of  design  and  test  conditions.  The  selected  design  points  must  be  suf¬ 
ficient  to  allow  accurate  extrapolation  to  the  other  conditions  at  which 
the  requirements  apply. 

a)  Analysis.  The  analytical  methods,  procedures,  assumptions, 
etc.,  applied  shall  be  made  available  to  the  procuring  activity.  In 
some  instances  (e.g.,  control  power)  compliance  may  be  demonstrated  par¬ 
tially  or  wholly  by  analysis  when  the  analytical  model  is  validated  with 
flight  test  data  and  approved  by  the  procuring  activity.  In  other 
instances  (e.g.,  control  in  turbulence)  analysis  will  provide  informa¬ 
tion  on  specific  test  conditions  requiring  simulation,  flight  test,  or 
both. 


b)  Simulation.  The  danger,  extent  or  difficulty  of  flight  testing 
may  dictate  simulation  rather  than  flight  test  to  evaluate  some  condi¬ 
tions  and  events,  such  as  the  influence  of  Severe  disturbances,  events 
close  to  the  ground  (except  3. 2. 8. 4  shall  be  demonstrated  in  flight), 
combined  Failure  States  and  disturbances,  etc.  In  addition,  by  agree¬ 
ment  with  the  procuring  activity,  piloted  simulation  shall  be  performed 
before  first  flight  of  a  new  aircraft  design  in  order  to  demonstrate  the 
suitability  of  the  handling  qualities,  and  also  to  demonstrate  compli¬ 
ance  with  qualitative  requirements  in  atmospheric  disturbances.  Where 


simulation  is  the  ultimate  method  of  demonstrating  compliance  for  a 
requirement,  the  simulation  model  shall  be  validated  with  flight  test 
data. 

c)  Flight  test.  The  required  flight  tests  will  be  defined  by  oper¬ 
ational,  technical,  and  safety  considerations  as  decided  jointly  by  the 
procuring  activity,  the  test  agency,  the  contractor,  and  other  involved 
agencies  using  results  from  3.1.10.1a  and  3.1.10.1b.  It  is  expected 
that  flight  test  demonstration  of  the  requirements  in  calm  air  and 
selected  requirements  in  at  least  Moderate  turbulence  will  be  accomp¬ 
lished  to  insure  that  flying  quality  degradations  are  not  excessive. 

D.  RATIONALE  BEHIND  REQUIREMENTS 

An  attempt  has  been  made  to  provide  direction  as  to  the  analyses, 
simulations,  and  fight  tests  that  should  normally  be  done.  In  addition, 
since  it  is  required  to  demonstrate  compliance  with  all  the  quantitative 
requirements  analytically  at  some  stage  of  the  design,  explicit  direc¬ 
tion  is  also  given  as  to  which  items  will  not  normally  apply  to  flight 
test.  It  is  expected  that  the  methods  of  determining  compliance  for  any 
particular  aircraft  will  be  defined  by  the  procuring  activity. 

The  paragraph  on  simulation  has  been  included  to  provide  some  gui¬ 
dance  on  the  use  of  piloted  simulation  for  compliance  demonstration 
rather  than  engineering  development.  Specifically,  piloted  simulation 
is  required  before  first  flight  of  a  new  design.  Reference  165,  for 
instance,  documents  the  benefits  of  in-flight  simulation  before  first 
flight.  In  addition,  it  is  suggested  that  piloted  simulation  could  be 
the  primary  means  of  demonstrating  compliance  with  certain  requirements. 

The  last  sentence  of  3.1.10.1(c)  is  intended  to  indicate  that  in  a 
normal  flight  test  program  considerable  effort  should  be  expended  to 
Insure  that  some  encounters  with  real  atmospheric  disturbances  are 
accomplished.  A  chase  aircraft,  parameter  identification  or  just  the 
available  weather  information  (with  some  assumptions)  would  be  used  to 
give  estimates  of  probable  disturbance  intensities.  These  encounters 
may  then  afford  the  opportunity  to  check  the  qualitative  requirements 
informally. 
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E.  GUIDANCE  FOR  APPLICATION 

The  procuring  activity,  the  test  agency,  and  the  contractor  will 
jointly  agree  on  which  tests  are  hazardous  and  what  analyses,  simula¬ 
tions,  and  buldup  maneuvers  are  needed  to  assure  safety. 

In  order  to  call  for  flight  testing  in  Severe  disturbances,  the 
procuring  activity  and  other  involved  agencies  should  specify  at  the 
outset  of  a  design  what  is  expected.  For  example,  design  for  a  terrain¬ 
following  mission  might  require  acceptable  ride  and  flying  qualities 
over  specified  terrain  in  specified  turbulence.  While  neither  that 
terrain  nor  that  turbulence  may  be  encountered  in  flight  test,  the 
actual  terrain  may  be  known  or  measured  and  the  actual  turbulence 
deduced  from  flight  records  by  parameter  identification  techniques  or 
more  subjectively  from  Table  3  (4.3).  That  would  furnish  direct  evi¬ 
dence  of  acceptability,  while  serving  to  validate  the  analysis  and  simu¬ 
lation  that  use  the  specified  turbulence. 

At  the  1978  AFFDL  flying  qualities  workshop  (Reference  163),  anxiety 
was  expressed  over  requirements  for  which  flight  testing  to  demonstrate 
compliance  would  be  extremely  difficult  or  time-consuming.  Requirements 
related  to  atmospheric  disturbances  were  of  particular  concern.  How¬ 
ever,  neither  past  practice,  nor  present  procedures,  nor  foreseeable 
future  demands  show  such  difficulty.  Flight  testing  has  always  been  a 
most  pragmatic  occupation.  That  certainly  holds  with  flying  qualities. 
The  following  discussion  attempts  to  show  what  reasonably  can  be 
expected. 

Currently  flight  test  costs  are  up,  flying  hours  are  down,  and 
emphasis  has  shifted  from  engineering  evaluation  to  investigation  of 
conditions  approximating  operational  use.  In  this  climate  we  must  seek 
optimized  flight  test  techniques  to  extract  the  greatest  quantity  of 
most-needed  flying  qualities  data  in  the  available  flight  test  time. 
There  is  no  hope  of  a  flight  handling  evaluation  of  the  type  and  scope 
of  AFFTC's  Phase  IV  evaluations  of  former  years.  This  change  is  not  all 
bad. 

To  a  large  extent  the  traditional  techniques  are  being  supplanted  by 
parameter  identification  from  dynamic  flight  records.  As  AFFTC  has 
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shown,  using  appropriate  control  inputs,  data  can  be  accumulated  quickly 
over  a  large  flight  envelope  for  reduction  by  computer  to  transfer  func¬ 
tions  or  stability  derivatives.  Twisdale  (Reference  112)  describes  a 
means  of  extracting  such  data  from  air  combat  tracking  related  to  the 
manner  in  which  fighter  aircraft  are  intended  to  be  used.  From  accu¬ 
rate,  well-documented  results  the  aircraft  designer's  stability  and  con¬ 
trol  predictions  can  be  corrected  to  obtain  a  validated  analytical 
model.  Thoroughness  of  documentation  is  as  critically  essential  as 
accuracy.  Where  those  flight  tests  do  not  themselves  generate  the 
values  of  many  motion  parameters  needed  to  determine  compliance,  an 
engineer  can  use  the  validated  model  to  investigate  any  aspect  of  speci¬ 
fication  compliance  at  will.  With  this  procedure,  however,  there  are 
many  more  chances  for  error  along  the  way.  For  meaningful  results  a 
good  deal  of  coordination  is  necessary  among  all  those  involved  in 
design,  testing,  evaluation,  and  procurement. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Experience  has  shown  that  it  is  sometimes  possible  to  have  a  Level  1 
aircraft  that  does  not  meet  certain  quantitative  requirements.  This  in 
fact  is  an  expected  occurrence  for  certain  criteria  where  the  supporting 
data  are  sparse  or  nonexistent  (for  example,  stick  force  gradients  with 
normal  acceleration  or  displacement).  In  such  cases  the  manufacturers 
should  request  an  exception.  Allowance  of  such  exceptions  should  be 
made  on  the  basis  of  demonstration  by  flight  test  or  piloted  simulation. 
The  scenarios  utilized  to  conduct  such  demonstrations  should  involve  the 
actual  piloting  tasks  for  the  appropriate  missions  and  mission  phases. 
Additionally,  the  critical  disturbance  environment  should  be  defined. 
For  example,  if  attitude  response  characteristics  in  landing  are  in 
question,  the  task  should  involve  precision  touchdowns  from  an  offset 
maneuver  to  insure  that  the  pilots  are  forced  to  close  a  tight  attitude 
loop.  Such  aggressive  tracking  has  been  shown  to  expose  handling 
quality  deficiencies  that  are  completely  unrecognizable  for  nonprecision 
tasks.  Also,  precision  landings  should  be  required  in  moderate  turbu¬ 
lence.  If  a  simulation  is  used,  the  critical  wind  shears  defined  in 
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Paragraph  3.9  should  be  employed*  A  minimum  of  three  evaluation  pilots 
is  required  to  establish  the  level  of  flying  qualities*  Where  pilot 
ratings  are  taken  it  is  recommended  that  strict  adherence  to  the  Cooper- 
Harper  scale  be  maintained  and  that  all  ratings  be  justified  by  support¬ 
ing  commentary* 

6.  SUPPORTING  DATA 

Not  applicable* 

H.  LESSORS  LEARNED 

Controversy  over  the  level  of  handling  qualities  of  an  aircraft  for 
a  specific  task  is  generally  a  result  of  poorly  structured  test  proce¬ 
dures  or  informal  evaluation  techniques*  An  example  is  the  P-16  in  the 
landing  configuration*  Many  pilot  ratings  and  commentaries,  particu¬ 
larly  from  pilots  experienced  in  the  aircraft,  indicate  that  the  F-16  is 
Level  1  for  landing.  Full  Scale  Development  Test  and  Evaluation  at 
A7FTC,  on  the  other  hand,  indicated  that  "F-16  flying  qualities  in  the 
PA  configuration  should  be  improved  to  reduce  pilot  workload  during  the 
landing  task"  (Reference  125).  The  aircraft  has  Level  2  values  of  time 
delay  (see  Paragraph  3.2. 1.1)  and  marginal  equivalent  values  of  short- 
period  frequency  in  the  landing  configuration.  Full  Scale  Development 
F-16s  also  employed  an  isometric  sidestick  which  was  in  the  Level  2/3 
region  of  the  test  data  shown  in  Paragraph  3. 2*9.4.  Upon  closer  inves¬ 
tigation  one  finds  that  the  Level  1  ratings  apply  to  landing  in  non- 
critical  conditions.  When  queried,  most  F-16  pilots  agree  that  the  air¬ 
craft  must  be  landed  basically  open  loop  for  the  last  50  ft.  Attempts 
to  make  last  minute  corrections  frequently  result  in  pilot-induced 
oscillations  or  pitch  hobbling  as  a  minimum*  The  lesson  to  be  learned 
is  that  compliance  by  demonstration  requires  a  very  carefully  planned 
experiment.  It  is  of  utmost  importance  that  the  task  be  well  defined 
and  that  the  pilots  be  forced  into  an  aggressive  tracking  situation.  In 
general,  the  task  must  be  as  demanding  as  any  likely  to  be  encountered 
in  operational  use.  Atmospheric  disturbances  should  be  included  as  a 
marginal  Level  1  aircraft  will  often  degrade  to  a  solid  Level  2  in 
moderate  turbulence. 


3.1.10.2 


Design  and  test  conditions 


A.  SEASON  FOR  REQUIREMENT 


In  order  to  facilitate  analysis,  design,  and  testing,  a  comprehen¬ 
sive  list  of  critical  flight  conditions  is  presented. 

B.  RELATED  KIL-F-8785C  REQUIREMENTS 


4.1,  4.2.1,  4.2.2,  4.3.1,  4.3.2 

C.  STATEMENT  OF  REQUIREMENT 


3.1.10.2  Design  and  test  conditions.  Table  1  specifies  general 
guidelines,  but  the  peculiarities  of  the  specific  aircraft  design  may 
require  additional  or  alternate  test  conditions. 

a)  Terms  specified  in  Table  1  such  as  "heaviest  weight"  and 
"greatest  moment  of  Inertia"  mean  the  heaviest  and  great¬ 
est  consistent  with  3.1.1  and  3.1.2.  When  a  critical 
center-of-gravity  position  is  identified,  the  aircraft 
weight  and  associated  moments  of  inertia  shall  correspond 
to  the  most  adverse  service  loading  in  which  that  critical 
center-of-gravity  position  is  obtained. 

b)  Terms  specified  in  Table  l  such  as  "most  forward  c.g."  and 
"most  aft  c.g."  mean  the  most  forward  or  most  aft  consis¬ 
tent  with  3.1.1.  When  a  critical  weight  or  moment  of 
inertia  is  identified,  the  center-of-gravity  position 
shall  correspond  to  the  most  adverse  service  loading  in 
which  that  critical  weight  or  moment  of  inertia  is  ob¬ 
tained. 

c)  For  terminal  Flight  Phases,  it  will  normally  suffice  to 

examine  the  selected  Aircraft  States  at  only  one  altitude 
below  10,000  feet  (low  altitude).  For  nonterminal  Flight 
Phases,  it  will  normally  suffice  to  examine  the  selected 
Aircraft  States  at  one  altitude  below  10,000  feet  or  at 
the  lowest  operational  altitude  (low  altitude),  the  maxi¬ 
mum  operational  altitude  (h0  ),  and  one  intermediate 

altitude.  When  the  maximum  o$f&tional  altitude  is  above 
40,000  feet  or  when  stability  or  control  characteristics 
vary  rapidly  with  altitude,  more  intermediate  altitudes 
than  specified  in  Table  1  shall  be  investigated.  When  the 
Service  Flight  Envelope  extends  far  above  or  below  the 
Operational  Flight  Envelope,  the  service  altitude  extremes 
must  be  considered. 
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TABLE  1  (3.1.10.2)  DESIGN  AND  TEST  CONDITION  GUIDELINES 


REQUIREMENT 

NUM8EK 

title 

CRITICAL 

LUAUING 

LOAD 

FACTOR 

ALIITUOE 

SPEED 

Section  3.2 

HANDLING  QUALITf  REQUIRE¬ 
MENTS  FUR  PITCH  AXIS 

3.2.1 

Response  to  Pitch 
Controller 

Most  forward  c.g.  t 
and  most  aft  c.g.  § 

0 

n0 

*Om« 

^min  to 

3.2.2 

Pilot-Induced  Oscilla¬ 
tions 

Minimum  permis¬ 
sible  to  maximum  J 
permissible  i 

1 

3.2.3 

Residual  Oscillations 

1. 

0 

f 

v0 <min  t0  Vo,M« 

3.2. 7.2 

Response  to  failures 

All 

i 

"Omn  lna  ao,Mx 

^min  to  V(MX 

3.2.7. 3 

Response  to  configura¬ 
tion  or  control  mode 
change 

i. 

0  1 

1 

'  °max 

i 

1 

3.2. 7.4 

Response  to  stores 
release 

"o(- 

n0l 

)  to 
;♦) 

1 

V°min  “  '"max 

3.2.7. 5 

Response  to  armament 
dell  very 

3.2. 7.6 

Response  to  buffet 

1 

'  1 

1 

1 

3.2.8. 1 

Control  power  in 
unaccelerated  flight 

Most  forward  c.g. 

1. 

.0 

i 

vmin  to  Vmax 

3. 2. 8.2 

Control  power  in 
maneuvering  flight 

Most  forward  C.g.  t 

As  required 

1 

VQ  to  VQ 

°min  °max 

3.2.8. 3 

Control  power  for 
takeoff 

Most  forward  c.g. 
(nose-wheel )»  most 
aft  c.g.  (tai  l-wheel 
aircraft) 

I 

•°  ; 

Low  1 

As  required 

3. 2.8. 4 

Control  power  for 
landing  . 

1 

Most  forward  c.g. 

1 

1. 

! 

.0 

i 

Low 

Vs(l  )  or 
geometric  limit 

3.2.8.S 

Control  power  for 
other  conditions 

-- 

All 

homin*h' 

medium,  1 

°max 

All 

3.2.9. 1 

Steady-state  control 
force  per  g 

Most  forward  c.g.  t 
and  most  aft  c.g.  § 

h(-; 

"( 

)  to 
♦) 

|  ^min  to  VmdX 

I 

3.2.9. 2 

Transient  control  force 
per  g 

Most  aft  c.g.  § 

1, 

! 

.0  : 

i 

i 

3.2.9. 3 

Control  force  variations 
during  rapid  speed 
charges 

As  required 

1 

'o„n  t0  »»«. 
and  transonic 

3. 2. 9. 4. 1 

Control  force  vs. 
deflection  --  steady- 
state  gradient 

Most  forward  c.g.  t 

%(• 

"o 

)  to 

M 

vmm  t 

o  »M> 

3.2. 9.4.2 

Transient  control  force 
vs.  deflection 

Most  aft  c 

.9-  § 

I. 

.0 

3.2.9. 5 

Control  centering  and 
breakout  forces 

1 

I  "o<- 

)  to 
(♦) 

h»  .  and  hn 

°max 

1  j 

3. 2.9.6 

Free  play 

1 

1 

1 

■ 

1 

3.2.9. 7. I 

Force  limits  --  takeoff 

Most  forward  c.g. 
and  most  aft  c.g. 

As  required 

Low 

1  0  to  vM,(ro) 

1 

FLIGHT 

PHASE 


.CR.KT  ,PA 

L.c'r 


CO.GA.WU, 

AD 


CO.GA.AR. 
Tf  .CR.PA 


*,KT, CR.PA 
L.CT 


CO.GA.OE 


•tRT, CR.PA, 
L.CT 


!  TO.CT 
I 
I 


t  Combined  with  heaviest  weight.  §  Combined  with  ligntest  weight. 

*  AM  applicable  Category  A  Flight  Phases.  —  No  genera)  guidance  can  be  provided. 

"•As  required"  --  flight  conditions  are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 
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REQUIREMENT  rmP 

NUMBER  ,l,Lt 


TABLE  1  (3.1.10.2).  (Continued) 


3. 2. 9.7. 2  Force  limits  —  landing  !  Most  forward  c.g. 


3.2.9. 7.3  Force  limits  —  dives:  j  Most  forward  c.g.  t  As  required 


!  and  most  aft  c.g.  $ 

I  I 


.  Most  forward  c.g. 
)  and  most  aft  c.g. 


,  Most  forward  c.g. 


3.2.9. 7.4  Force  limits  — 

sides) ips 

3.2.9. 7.6  Force  limits  — 

fai lures 

3. 2. 9.7. 7  Force  limits  —  con¬ 

figuration  or  control 
mode  charge 

3. 2. 9. 8  Trim  systems 


3. 2. 9. 8.1  Trim  systems  —  rate 
of  operation 

3. 2. 9. 8. 2  Trim  systems  —  stall 
ing  of  trim  systems 


3. 2.9. 8. 3  Trim  systems  -- 
irreversibi lity 


3.2.10.1  Control  displacements  —  j  Most  forward  c.g. 

takeoff  j  and  most  aft  c.g. 

3.2.10.2  Control  displacements  —  i 

maneuvering  T 

3.2.10.3  Control  displacements  — 
gust  regulation 


SECTION  3.3  I  HANDLING  QUALITY  REQUIRE-  I 
MENTS  FOR  VERTICAL  FLIGHT  \ 
PAJH  AXIS 

3. 3. 1.2.1  Response  to  attitude  l 
change  —  steady-state  j 
response 


SECTION  3.4  HANDLING  QUAUTr  REQUIRE-  ' 

!  MINTS  FOR  LONGITUDINAL  i 
|  AXIS 

3.4.1  \  Response  to  Attitude  :  Most  aft  c.g. 

j  Chjnges 


Low  VS(L)  or 

geometric  limit 

2000  ft  MSL  V|j,jn  tO  Vgyg 

t°  hmax 

As  required  to  maximum 

permissible 

\»invwdium>  I  ^  «  ^max 

hn._ . ..  ! 


^Om^i  dnd  vmin  t0  V,w* 


1  As  required  As  required 

!  i  i 

|  l  Start  of  dive 

recovery  to 
I  V-.,, 


1.0 

1  MSL 

to  h,nax 

^min  t0  vmax 

As  required 

Low 

0  ^  WTO) 

TD.CT 

M-)  to 
»l*l 

^  h°min 

medium, 

h°max 

vmm  to  VmdJ( 

•.RT.CR.PA, 

L.CT 

%(■)  to 
"„(*) 

j  h0 

[  °min 

am3  Vnax  ! 

l 

t 

-  - 

1.0 

1 

1  h°min 

| 

medium, 

hn 

°max 

V0  and 

V  n  S  kt 

V°min  b  kt 

PA 

1.0 

1 

!  h°mi n 

i 

medium, 

ho 

°;nax 

vmm  to  VmaK 

CO.RR.FF.CR 
LO.RT.AI l 
Category  C 

3. 4. 1.1  Relaxation  in  transonic 
J  f I lgnt 


!  i 


SECTION  3.5  HANDLING  QUALITY  REQUlRE- 
;  MENTS  Fur  «ULL  Axis 


J.S.l  ;  Roll  Response  to  Roll 

|  Control ler 


|  Vmin*  ln,?rt’u'T,•  V.nin  to  Vm, 


*,CL ,CR ,LO. 
RT.DE.PA.L 


t  Combined  with  heaviest  weight. 

All  applicable  Category  A  Flight  Phases. 


y  Combined  with  lightest  weight. 

--  No  general  guidance  can  be  provided. 


“As  required"  --  flight  conditions  are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 


REQUIREMENT 

NUMBER 


TABLE  1  (3.1.10.2).  (Continued) 


Pilot-Induced  Oscilla¬ 
tions 


Linearity  of  Rol I 
Response  to  Roll  Con¬ 
troller 

Roll  Response  to  Taw 
Controller 

Roll  Control  for  Takeoff 
and  Landing  in  Crosswinds 

Response  to  asy-unetrlc 
tnrust 


Minfrnufn  perrnts- 
t  i sible  to  maximum 

|  permissible 

|  I 

.Greatest  rolling  As  required  (not 
j  moment  of  inertia  |  above  O.BnL) 


«*•  ‘0  *W  v,nm  to  *«, 


I  Lightest  weight 


Lightest  weight 


CU.GA.TF.CL. 
CR.ro. CT 


CO, SA. IF, CL, 
CR.TO.CT 


Response  to  failures 

Response  to  configura¬ 
tion  or  control  mode 
change 

Response  to  stores 
release 

Response  to  armanent 
delivery 

Control  power  -  response 
to  roll  control  inputs 


Control  power  -  steady 
sideslips 


Control  power  -  croSS- 
wtnds 


I  Control  power  -  engine 
1  fa i lures 


»o!->  10 


Greatest  and  smallest  As  required 
i  rolling  moments  of  (not  above 
J  inertia  0.8  n,  ) 


Ligntest  weignc 


:  Lightest  weight 


waium,  |  Vm(n  to  *Mlt 


I 


•Hu,  ;to,n  v»ln(TU> 


i  Control  power  -  dives 
and  pul  louts 

Control  power  .  stores 
release 

Control  power  -  two 
eng  me s  >  nopera  t  j  ve 

Control  power  for  other 
:  conditions 


:  Lightest  weight  ( 


?000  ft  MSL  VMAT  to  Vma4 

t0  hmax 

h_  ,  medium,  .  to  V,, 

°mm'h  °min  °max 

°inax 

Vin'  med,um*  Vrange  U 

hOmax  j  2  en9’nes  <>ut) 


:  wheel  control  displace- 
l  merits 


i  forces  to  achieve 
1  required  roll  rates 


Greatest  rolling 
moment  of  inertia 


Greatest  and  smallest 
rulling  moments  of 
inertia 

1 

Smallest  rolling 
i  moment  of  inertia  j 


As  required 
(not  above 
0.dnL) 


CU.GA.AR.Tf . 
CR.GA.L 


i  Breakout  and  centering 
I  forces 


"o(-l  W 
"olO 


Vm  anJ  !  v«'n  t0  W 


f  Comoined  with  heaviest  weight. 

Al!  applicable  Category  A  Flight  Phases. 


$  Combined  with  lightest  weight. 

--  No  general  guidance  can  be  provided. 


‘As  required"  --  flight  conditions  are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 
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TABLE  1  (3.1.10.2).  (Continued) 


REQUIREMENT 

NUMBER 


title 


critical 

LOADING 


LOAD 

FACTOR 


ALTITUDE 


FLIGHT 

PHASE 


3.  5.  10. 5 

3.5.10.6.1 

3.5.10.6.2 

3.5.10.6.3 

3.5.10.6.4 

3.5.10.6.5 


Free  pity 


Force  limits  -  steady 
turns 

Force  limits  -  dives 
and  pullouts 

Force  limits  -  cross- 
winds 

Force  limits  -  steady 
sideslips 

Force  limits  -  engine 
failures  after  takeoff 


"o(-)  to 
As  required 


Lightest  weight 


hn  and  hn 
°min  Oman 

"»«« 

20U0  ft  MSL  to 
hmax 
Low 


medium. 


*min  lo  •max 


,MAT  t0  vnm< 
As  required 

^min  ^max 


Viuin(TU)  to 
1.4*,,, 


CU.CR.LO.PA 

D.ED 
TO, l 


CK.TO.CT 


SECTION  3.6 


3.6.2. 1 


3.6. 2.2 


3.6.3 


HANOI ING  QUALITY  REQUIRE¬ 
MENTS  FUR  YAM  AXIS 

Equivalent  systems 
requirement  -  transient 
response 

Equivalent  systems 
requirement  -  steady- 
state  response 

Yaw  response  to  roll 
controller  -  coordina¬ 
tion  in  turn  entry  and 
exit 

Pi  lot-induced  osci  na¬ 
tions 


Yaw  Control  for  Takeoff 
and  Landing  in  Cross- 
winds 

Response  to  asyronetric 
thrust 


Greatest  rolling 
moment  of  inertia 


Lightest  weight 


Greatest  yawing  and 
rolling  moments  of 
inertia 


1.0  and  n0(f) 


Vin-  med’um' 
h°ma. 


Minimum  permissi¬ 
ble  to  maximum 
permissible 


Lightest  weight 


I 


3.6.4. 2 

Response  to  fai lures 

3. 6.4. 3  ! 

Response  to  conf igurat ion 
or  control  mode  change 

3. 6. 4. 4 

Response  to  stores 
release 

3. 6. 4. 5 

Response  to  armament 
del i very 

3.6.5. 1 

Control  power  -  takeoff, 
landing,  and  taxi 

3.6. 5. 2 

Control  power  -  two 

_ 1 

engines  inoperative 

All 

1.0 


n0(.)  to 
"oC> 


%,n'  ' 


"<W 

n°ind* 


Ligntest  weight 


,  Vn,n*hmeil1ufB‘ 


As  required  1 

0  to  Vmdx(TU) 
vmin  t0  vmax 

Vmin  t0  ^max 

Vmin  t0  Vmax  I 


0  t0  WTu> 


Grange  (I 
2  engines  out ) 


*,CR,RT,PA,L 

CU.CR.PA.L 

*,CR, PA.L 

TU,L ,Ta*i 

TU.CT 


CU.GA.TF.CR 

CL.TU.CT 


C0,GA,WD,AD 

*,RT 

PA.Tu.L.Taxi 


*  All  applicable  Category  A  Fltgnt  Phases.  --  No  general  guidance  can 

"As  required"  --  flignt  conditions  are  specified  In  requirement  or  are  determined  by 


be  provided, 
nature  of  test 


maneuver. 
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-V  'J*v-  .  ,/k 


TABLE  1  (3.1.10.2).  (Concluded) 


*  All  applicable  Category  A  Flight  Phases.  --  So  general  guidance  can  be  provided. 

"As  required"  flight  conditions  are  soecifred  in  requirement  or  are  determined  by  nature  of  test  maneuver. 


94 


d)  In  addition  to  the  flight  conditions  indicated  in  Table  I, 
speed-altitude  combinations  that  result  in  the  following 
shall  all  be  investigated,  where  applicable: 

*  Maximum  normal  acceleration  response  per  degree  of 
controller  deflection. 

*  Maximum  normal  acceleration  response  per  pound  of  con¬ 
trol  force. 

*  Highest  dynamic  pressure  and  highest  Mach  number. 

D.  RAT 10 HALE  BEHIND  REQUIREMENT 

Table  I  was  presented  in  MIL-F-8785C  as  a  guideline  for  design  and 
testing.  The  format  has  been  revised  to  be  consistent  with  the  current 
Standard. 

E.  GUIDANCE  FOR  APPLICATION 

The  procuring  activity  should,  in  accordance  with  the  compliance 
demonstration  requirements  of  3.1.10.1,  define  those  tests  and  condi¬ 
tions  necessary  for  analysis,  simulation,  and  flight  test. 

F.  DEMONSTRATION  OP  COMPLIANCE 

The  contractor  will  be  expected  to  investigate  all  conditions  speci¬ 
fically  on  contract.  In  addition,  areas  that  might  be  considered  criti¬ 
cal  but  that  were  not  specified  should  be  included.  Exceptions  (e.g., 
cases  where  the  contractor  feels  flight  testing  is  not  necessary)  must 
be  well  supported  by  valid  analysis. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.2  HANDLING  QUALITY  REQUIREMENTS  FOR  PITCH  AXIS 

3.2.1  Pitch  Attitude  Response  to  Pitch  Controller 


DISCUSSION 

Two  alternative  criteria  are  presented  for  this  requirement. 

The  first  criterion  (Para.  3. 2. 1.1)  consists  of  the  basic  boundaries 
previously  defined  in  MIL-F-8785C  for  classical  unaugmented  airplanes. 
The  criterion  is  extended  to  include  augmented  airplanes  via  the  use  of 
lower-order  equivalent  systems.  An  optional  set  of  boundaries  is  pre¬ 
sented  to  allow  the  use  of  1/Tq2  in  lieu  of  n/a  if  desired. 

The  second  criterion  (Para.  3. 2. 1.2)  is  oriented  toward  highly  aug¬ 
mented  aircraft  as  well  as  aircraft  with  unconventional  flight  modes 
generated  with  direct  force  controls  (DFC).  This  criterion  is  based  on 
the  pilot's  ability  to  do  tight  closed-loop  tracking  and  is  termed  the 
bandwidth  criterion.  It  is  recommended  that  this  criterion  be  utilized 
when  the  mismatch  between  the  lower-order  equivalent  and  higher-order 
systems  is  large,  or  when  the  pitch  axis  augmentation  results  in  non- 
classical  responses,  e.g.,  for  attitude  command  systems.  Guidelines  for 
deciding  when  this  is  a  problem  are  given  in  "Rationale  Behind  Require¬ 
ment"  under  3.2. 1.1. 
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3. 2. 1.1  Pitch  axis  lower-order  equivalent  systems  requirements 


A.  SEASON  FOR  THIS  REQUIREMENT 

Pitch  control  of  conventional  aircraft  is  a  vital  element  of  flying 
qualities,  both  as  a  primary  control  axis  (for  example,  in  pointing  the 
aircraft  during  gunnery)  and  as  an  indirect  way  of  controlling  the  air¬ 
craft  flight  path  (for  example,  in  glide  path  control  in  landing). 

The  use  of  lower-order  equivalent  systems  allows  an  interpretation 
of  the  responses  of  the  most  complex  vehicles  in  familiar  terms  utilized 
to  characterize  the  response  of  classical  aircraft.  This  requirement 
incorporates  many  of  the  MIL-F-8785C  phugoid  and  short-period  mode  para¬ 
meters  and  sets  detailed  guidelines  on  application  of  equivalent  systems 
parameters. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.1.12,  3.2. 1.2,  3.2.2. 1,  3. 2. 2. 1.1,  3. 2. 2. 1.2,  3.5.3. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 1.1  Pitch  axis  lower-order  equivalent  systems  requirements. 
The  equivalent  parameters  describing  the  responses  of  pitch  rate  and 
normal  load  factor  (at  the  center  of  rotation)  to  a  pitch  control  force 
input  shall  have  the  following  characteristics:  _ . 

Recommended  Values 


1.  Short  term  response  -  For  the  equivalent  pitch  rate  and 
normal  load  factor  transfer  function  defined  below, 
recommended  requirements  on  the  equivalent  parameters  are 
given  in  the  following  table. 


Ke[ s  +  (l/T^Je"^ 

9  2 

+  ^sp^sp8  +  “>sp 


9  2 

S  +  2igpU)gpS  +  Wgp 
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Notes: 


a)  The  equivalent  systems  are  to  be  obtained  from  simul¬ 
taneous  matching  of  the  S/Fg  and  nz/Fs  higher  order 
system  responses  over  a  frequency  range  of  approxi¬ 
mately  0.1  to  10  rad/sec. 

0 

b)  nz  is  normal  acceleration  as  measured  at  the  aircraft 
center  of  rotation. 

2.  Long  term  response 

0_  Ke[s  +  (  1/Tq  x)  ] 

Fs  s2  +  2cpu>pS  +  (Dp 

Note:  While  a  lower  order  equivalent  system  match  could 
be  used,  the  parameter  (p  is  the  only  one  specified  and  it 
can  be  generally  calculated  directly  from  a  time  response. 


PARAMETER 

<*>sp  vs.  n/a 

wspT0  2  vs  ^sp 

<P 

Table  1 

Table  1 

“P 

No  Requirement 

No  Requirement 

^  sp 

Table  2 

Figure  2 

U> 

sp 

Figure  1 

Figure  2 

n/a 

Figure  1 

— 

1/T01 

At  least  greater 
than  Zero 

At  least  greater 
than  Zero 

1/T02 

— 

Figure  2 

Tee  ’  Ten 

Table  3 

Table  3 
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NOTE:  THE  BOUNDARIES  TOR  VALUES  OF  ~ 
OUTSIDE  THE  RANGE  SHOWN  ARE  DEFINED 
-  BV  STRAIGHT-LINE  EXTENSIONS.  .  — 


u>sp 

(rad/sec) 


LEVEL  2 


a)  Category  A  Flight  Phases 


n/a  (g/rad) 


Figure  1  (3. 2. 1.1).  Requirements  for  Short-Term  Pitch 
Response  to  Pitch  Controller  (io„„  vs.  n/a) 


t/>  fO 


1  uu 


10 


^sp 
(rad /sec) 


i.o 


Pitch  Controller  (to 


TABLE  1  (3. 2. 1.1) 


EQUIVALENT  PHUGOID  DAMPING  RATIO  LIMITS 


Level  1 

Cp  at  least  0.04 

Level  2 

at  least  0 

Level  3 

T2  at  least  55  sec  (T2  “  -0.693/c  <0  ) 
and  |Cp |  <  1.0  P  P 

TABLE  2  (3. 2. 1.1) 

EQUIVALENT  SHORT-PERIOD  DAMPING  RATIO  LIMITS 


LEVEL 

CATEGORY 

FLIGHT 

A  AND  C 
PHASES 

CATEGORY  B 

FLIGHT  PHASES 

MINIMUM 

MAXIMUM 

MINIMUM 

MAXIMUM 

1 

0.35 

1.30 

0.30 

2.00 

2 

0.25 

2.00 

0.20 

2.00 

3 

T2  >  6  sec* 

— 

T2  >  6  sec* 

— 

In  the  presence  of  one  or  more  other  Level  3 
flying  qualities,  C8p  shall  be  at  least  0.05 
unless  flight  safety  is  otherwise  demonstrated 
to  the  satisfaction  of  the  procuring  activity. 
T 2  applies  to  the  value  of  an  unstable  first- 
order  short-period  root 


TABLE  3  (3.2. 1.1) 

LIMITS  ON  AIRCRAFT  RESPONSE  DELAY,  T 

e 


LEVEL 

ALLOWABLE  DELAY  (sec) 

1 

0.10 

2 

0.20 

3 

0.25 

Te  is  the  greater  of  t6q  or  Tg^ 
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D.  RATIONALE  BEHIND  REQUIREMENTS 


The  use  of  lower-order  equivalent  systems  allows  us  to  retain  bound¬ 
aries  generated  from  classical  airplane  data,  i.e.,  MZL-F-8785C,  Refer¬ 
ence  4.  More  specifically,  requirements  for  pitch  axis  control  have  set 
boundaries  on  the  classical  modal  parameters,  Cp,  CpO^,,  I/Tq^,  C8p  and 

“sp.  in 


M6(l/T6l)U/T92) 
f  4p  »  wspj 


This  expression  is  a  linearized,  reduced-order  model  of  the  actual 
aircraft  response.  It  assumes  any  higher-order  terms  due  to  structural 
and  flight  control  effects  are  sufficiently  separated  from  1/Tq^, 
1/Tq2,  uip  and  u)gp  to  allow  order  reduction  by  restricting  the  frequency 
range  of  analysis.  In  most  cases  the  phugoid  and  short  period  modes  are 
sufficiently  separated  that  further  order  reduction  is  possible  as  fol¬ 
lows  : 


-M6/Ma(l/T9l)  _  M5(l/Te2) 

ly  V  and  [cap;  WSP1 

Phugoid  Short 

Phugoid 


These  expressions  are  universally  recognized  as  pitch  models  of  phugoid 
and  short-period  dynamics,  respectively,  within  appropriate  respective 
frequency  ranges. 

The  advent  of  high-order  feedback  control  systems  has  required  spe¬ 
cification  of  flying  qualities  parameters  for  systems  of,  for  example, 
twentieth  order  or  more.  The  additional  modes  in  many  cases  are  no 
longer  well  separated  in  frequency  from  1/Tqj,  1/T()2,  Uj,,  and  u>gp.  In 
fact,  there  are  commonly  a  number  of  high-order  system  characteristic 
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roots  in  the  short-period  frequency  range.  While  no  specific  guidance 
is  offered,  the  phugoid  and  short  period  are  generally  separated  by  at 
least  a  factor  of  10.  The  assumption  of  a  widely  separated  phugoid  and 
short  period  mode  breaks  down  at  low  values  of  static  stability  (i.e., 
4  0)  such  as  for  aircraft  with  extreme  aft  center  of  gravity  loca¬ 
tions  and  on  most  STOL  configurations.  When  the  phugoid  and  short 
period  are  no  longer  identifiable  as  widely  separated  modes,  the  short 
term  response  cannot  be  characterized  as  second  order  in  nature.  Inas¬ 
much  as  the  data  utilized  to  generate  the  LOES  parameter  boundaries  were 
representative  of  classical  second  order  short-  term  responses,  these 
boundaries  (Figures  1  and  2)  are  not  valid  for  the  higher- order  short 
term  responses  under  consideration  (i.e.  u>sp  not  »  u)p).  It  is  recom¬ 
mended  that  the  bandwidth  criterion  be  utilized  for  these  cases 
(Para.  3. 2. 1.2). 

One  approach  to  reducing  the  order  of  these  systems  for  specifica¬ 
tion  compliance  was  to  choose  a  suitable  short-period  pair  of  roots  from 
the  high-order  array.  This  was  done  either  by  picking  "dominant  roots" 
(the  most  suitable  pair)  or  by  "root  tracking"  (identifying  the  locus  of 
aircraft  short-period  roots  as  the  various  feedback  gains  were  intro¬ 
duced).  There  has  been  considerable  experience  in  recent  years  to 
indicate  that  these  approaches  will  lead  to  unsatisfactory  handling 
qualities.  A  clear  responsibility  of  the  MIL  Standard  is  therefore  to 
discourage  this  particular  type  of  order  reduction.  Considerable 
research  has  been  devoted  to  order  reduction  by  matching  frequency 
responses  to  obtain  low-order  equivalent  systems.  Since  this  approach 
has  the  advantage  of  including  the  effects  of  adjacent  modes,  is  easily 
related  to  previous  specifications,  and  identifies  important  equivalent 
delay  effects,  it  is  included  in  the  specification. 

1.  Phugoid  Requirements 

These  are  taken  directly  from  Reference  4.  No  phugoid  research  data 
have  been  generated  since  that  earlier  specification.  Modern  flight 
control  systems  commonly  do  not  exhibit  an  identifiable  phugoid. 

The  pitch  response  is  a  suitable  response  for  identifying  the  phu¬ 
goid,  since  pitch  residue  is  normally  high  in  the  phugoid  mode  (when  it 
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is  not,  because  of  stability  and  control  augmentation,  the  phugoid 
requirements  are  greatly  exceeded).  Very  frequently  an  accurate  esti¬ 
mate  of  the  phugoid  can  be  obtained  from  a  narrow  frequency  range  which 
excludes  the  short  period. 

2.  Short-Term  Pitch  Response  Requirements 

Using  itgp  vs.  n/a 

For  conventional  aircraft,  without  direct  lift  control,  the  piloting 
task  can  be  viewed  as  an  inner-  and  outer-loop,  single-controller  task 
as  indicated  in  Figure  3.  This  figure  points  out  that  1/Tq2  plays  a 
role  in  the  short-term  attitude  dynamics  and  also  defines  the  short-term 
flight  path  (or  load  factor)  response.  The  boundaries  in  Figure  1  are 
based  on  a  combination  of  load  factor  response  and  the  quickness  of  the 
pitch  attitude  response  to  a  control  input,  i.e.,  (*>ap/(n/a).  Some 
interpretations  of  this  parameter  are  given  below. 


PIL0T  AIRFRAME 


where 

(a )  *  (s  +  o) 

[Ciw]  *  [  S2  +■  2£w  S  +  a;2J 


Figure  3  (3.2. 1.1).  Pilot  Control  of  Pitch 
Attitude  and  Flight  Path 
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a  •  Control  Anticipation  Parameter  (CAP) 


Bihrle  In  Reference  113  defines  the  Control  Anticipation  Parameter 
(CAP)  as 


CAP 


An, 


“ss 


l  U*e2) 


where  (V/g)  ( 1/T@ can  be  approximated  by  n/a  for  aircraft  with  neg¬ 
ligible  control  system  dynamics  and  tall  lift  effect,  as  Is  common* 
Because  of  the  time  lapse  In  reaching  the  steady  state,  a  pilot  needs  an 
earlier  indication  of  the  response  to  control  inputs  —  and  the  initial 
and  final  responses  must  be  neither  too  sensitive  nor  too  insensitive  to 
commanded  flight-path  change. 


b.  Frequency  Response  Interpretation 

Equivalently,  in  the  frequency  domain  the  high-frequency  gain  of 
pitch  acceleration  (thought  to  be  important  in  fine  tracking  tasks)  is 
given  by  MF  ,  and  the  steady-state  gain  of  normal  load  factor  (thought 

8  y 

to  be  important  in  gross,  or  outer-loop,  tasks)  by  MFg  (n/a) /io|p.  Hence, 
their  ratio  is  CAP  (see  Figure  A). 


c.  MIL-F-8785B  BIUG  Interpretation 

A  closely  related  analysis  in  Reference  11  arrives  at  (Fg/n)MF 
equal  to  o)|p/(n/a)  where  MFg  is  the  initial  pitch  acceleration  per 
pound.  This  can  be  seen  in  the  asymptotic  nz/Fg  frequency  response  of 
Figure  A. 


d.  Static  Stability  Interpretation 


Because  n/a  *  Cl„  and  wgp  «  Cma,  u)gp/(n/a)  is  widely  recognized  as 


‘‘mu*  sp 


being  related  to  static  margin,  dCm/dCL.  In  fact, 


and 


_n 

a 


usp 


CLqqS 

W 


ly  L“\cLa  4n>  "V 
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Figure  4  (3.2. 1.1).  Definition  of  CAP  From  Frequency 
Response  Asymptotes 


Therefore,  neglecting  C_  , 


~ 

n/a  CLa  Iy 

"  ysm  rf 

Ky 

where  yfln)  is  the  static  margin  in  the  same  units  as  c  (i*e.,  ysm  is  the 

2 

absolute  distance  of  the  neutral  point  ahead  of  the  c.g.),  and  ky  is  the 
pitch  radius  of  gyration  (with  Cm^  considered,  it  is  common  to  speak  of 
"maneuver  margin"  rather  than  "static  margin.") 


For  many  aircraft,  ky  is  about  17  percent  of  the  aircraft  length  i, 
so  u»JD/(n/ot)  =  1100  (yB_/*2). 
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For  the  F-4  aircraft,  using  the  values  of  64  ft  for  its  length  and 
16  ft  for  c,  the  specified  Level  1  value  of  0.28  for  u>|p/(n/a)  reduces 
to  a  stick-fixed  static  margin  requirement  of  5  percent.  Thus  this 
requirement  is  comparable  to  the  earlier  static  margin  requirement  in 
U.S.  Air  Force  Specification  1815B/Navy  Specification  SR-119B  (Reference 
57). 

3.  Short-Term  Fitch  Response  Requirement 

Using  *8pT02  vs.  C8p 

As  was  mentioned  previously,  the  short-period  frequency  requirement 
of  8785C  was  based  upon  the  premise  that  the  normal  acceleration 
response  to  attitude  changes  is  a  primary  factor  affecting  the  pilot's 
perception  of  the  minimum  allowable  <D8p  [i.e.,  limits  ^re  placed  on 
oi|p/(n/o)].  The  physical  interpretation  of  the  so-called  "Control 
Anticipation  Parameter"  [CAP  =  <*>|p/(n/a)]  assumes  that  the  dominant  con¬ 
cern  for  a  pilot  pitch  control  input  is  normal  acceleration  response, 
it  is,  of  course,  also  true  that  the  pitch  attitude  response  to  pitch 
control  inputs  is  of  paramount  importance.  Whether  the  appropriate  cor¬ 
relating  parameter  is  n/a  or  1/T@2  Is  a  moot  point  in  that  data  that 
are  correlatable  with  1/Tq2  will  generally  also  correlate  with  n/a. 
This  issue  was  studied  in  Reference  114,  where  it  was  observed  that 
the  product  (‘)8p'^02  provided  a  slightly  better  correlation  than  CAP. 
Physically,  “gpTgj  represents  the  separation  in  phase  between  path  air¬ 
craft  responses  in  path  and  pitch  attitude.  Thus  “gpT©^  in  combination 
with  also  defines  the  shape  of  the  attitude  frequency  response, 

with  "desirable  values"  yielding  a  K/s  shape  in  the  frequency  range  of 
primary  interest  (see  Reference  114). 

A  useful  criterion,  therefore,  is  the  product  wgpT02,  based  on  the 
separation  in  frequency  between  1/T02  and  u>gp.  If  these  two  are  close 
in  frequency,  the  aircraft  responses  in  attitude  and  flight  path  to  ele¬ 
vator  deflection  occur  almost  simultaneously,  resulting  in  abrupt  heave 
responses  to  the  pitch  controller.  This  produces  pilot  comments  such  as 
"trim  hard  to  find"  and  "pilot  effort  produces  oscillations." 
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4.  Use  of  Lower-Order  Equivalent  Systems 

Both  of  the  above  requirements  involve  classical  flying  quality  par¬ 
ameters.  The  concept  of  lower-order  equivalent  systems  allows  us  to 
retain  equivalents  of  these  parameters  for  highly  augmented  aircraft. 
The  rationale  utilized  in  the  Handbook  is  that  these  equivalent  parame¬ 
ters  can  be  compared  with  well  established  boundaries  set  by  classical 
airplane  data.  This  concept  was  originally  developed  more  than  ten 
years  ago  and  was  first  reported  in  Reference  80.  It  has  been  refined 
considerably  since  that  time  (for  example,  see  References  81-89).  A  key 
issue  during  the  development  of  the  lower-order  equivalent  system  (LOES) 
approach  was  whether  to  fix  or  free  1/Tq2  during  the  fitting  process. 

When  I/Tq^  is  allowed  to  be  free  it  can  take  on  very  large  (or 
small)  values.  If  the  physical  significance  of  1/Tq2  were  related 
purely  to  attitude  control  it  would  be  appropriate  to  utilize  the  freed 
value  of  l/Tg^  when  making  comparisons  with  the  criterion  boundaries. 
However,  there  is  considerable  evidence  to  indicate  that  the  role  of 
1/Tq2  in  the  correlations  of  classical  airplanes  is  more  related  to  the 
lag  from  the  response  in  attitude  to  the  response  in  path.  If  this  is 
indeed  the  case,  the  <*>gp  vs.  n/a  boundaries  are  to  be  physically  inter¬ 
preted  as  a  specification  on  attitude  (“Sp)  38  well  as  path  control 
(n/a).  The  appropriate  value  of  l/Tg^  to  plot  on  the  criterion  would 
then  be  the  fixed  (real)  one.  With  a  single  control  surface  (e.g.,  no 
DLC)  no  augmentation  can  change  the  dynamic  relationship  of  pitch  to 
heave  motion. 

An  example  of  the  differences  between  the  effective  parameter  values 
with  1/Tq2  fixed  and  free  is  illustrated  in  Table  4  (taken  from  Refer¬ 
ence  83  fits  of  the  Reference  12  data).  From  this  table  it  can  be  seen 
that  substantial  differences  in  all  the  effective  parameters  exist  be¬ 
tween  the  1/T$2  fixed  and  free  fits.  Hence  the  dilemma  is  not  a  trivial 
one* 
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TABLE  4  (3.2. 1.1) 


EXAMPLES  OF  VARIATIONS  IN  LOES  PARAMETERS  WITH 
1/Te2  FIXED  AND  FREE 


CONFIGU- 

1/Te 

0) 

e 

C 

e 

T 

e 

RATION 

FIXED 

FREE 

FIXED 

FREE 

FIXED 

FREE 

FIXED 

FREE 

1A 

1.25 

0.43 

3.14 

2.54 

0.39 

0.  65 

0 

0.020 

1G 

1.25 

176. 

0.78 

1.55 

0.74 

1.07 

0.185 

0.043 

2H 

1.25 

4.08 

2.55 

3.80 

0.80 

0.52 

0.126 

0.098 

4D 

1.25 

5.25 

3.47 

4.61 

0.58 

0.23 

0.169 

0.111 

In  general,  for  a  single  controller  the  proper  relationship  between 
attitude  and  flight  path  will  always  be  maintained  if  the  following  two 
transfer  functions  are  matched  simultaneously .* 


•  Kj(s  +  1/T02)e  60 

— —  m  "  ■  ■  -  ■ 

Fs  s2  +  2cspu>sps  +  o)2p 

"Te_s 

n £  _  *2*  ^ 

Fs  s2  +  2Cspu)sps  +  u)2p 


(1) 

(2) 


where  n£  refers  to  the  normal  acceleration  at  the  instantaneous  center 
of  rotation  (at  x„_  ■  Zg  /M*  the  initial  n_  response  to  a  step  control 
input  is  zero.  It  is  assumed  that  measurements  of  6  and  are  in 
level,  symmetrical  flight,  so  that  0  =  q) .  Conventional  subscripts  on 
the  equivalent  dynamics  are  retained  for  consistency. 


*This  discussion  assumes  that  the  phugoid  mode  is  well-separated  in 
frequency  from  the  short-period  mode,  as  is  normally  the  case. 


Ill 


This  conclusion  was  reached  as  a  result  of  lengthy  discussions 
centered  on  whether  1/T02  should  be  fixed  or  free  during  the  fit¬ 
ting  process.  Proponents  of  holding  l/T^  fixed  argued  that 

n/a  in  the  specification  is  centered  about  path  control.  Hold¬ 
ing  I/T92  fixed  at  the  value  determined  from  the  lift  curve  slope 
[  1/Tq  2  4  -Zy  “  (pSU0/m)(CLa  -  CD)]  preserves  the  known  path  to  attitude 
relationship,  i.e., 

I  «  1 

9  l02s  +  1 

Those  in  favor  of  allowing  l/T^  to  be  free  noted  that  it  tends  to  "gal¬ 
lop"  to  large  values  for  aircraft  with  known  deficiencies,  thereby 
revealing  the  existence  of  a  problem.  For  example,  a  current  high- 
performance  fighter  is  known  to  be  rated  "excessively  sluggish"  (Level 
2)  in  the  power  approach  flight  condition.  Figure  5  shows  the  charac¬ 
teristics  with  1/Tq2  fixed  and  free.  For  l/T^  fixed,  the  sluggish 
response  is  manifested  as  excessive  effective  time  delay  (0.15  sec) 
whereas  for  l/T^  free  the  deficiency  is  manifested  as  an  n/a  which 
falls  on  the  lower  specification  boundary.  Finally,  utilizing  the 
1/T0  2~free  fit  to  msp,  but  plotting  the  fixed  value  of  n/a,  actually 
predicts  an  airplane  with  excessive  abruptness  (plots  above  the  upper 
limit  in  Figure  5).  In  this  case,  as  in  most  such  instances,  either 
method  predicts  the  same  Level  of  flying  qualities,  but  the  causes  mani¬ 
fest  very  differently. 

It  should  be  noted  that  a  "perfect  fit"  using  both  the  attitude  and 
flight  path  transfer  functions  will  always  (for  a  single  pitch  control¬ 
ler)  yield  the  fixed  value  of  1/Tq^.  However,  if  there  are  lags,  such 
as  a  stick  prefilter,  introduced  at  frequencies  in  the  middle  of  the 
fitting  region,  the  fit  may  be  marginal:  the  lower-order  equivalent 
system  (LOES)  of  the  9/Fs  transfer  function  is  a  first  over  second 
order,  whereas  the  dominant  modes  of  the  higher  order  system  turn  out  to 
be  a  first  over  third  order  system. 

The  problem  can  be  approached  in  two  ways:  1)  we  can  ignore  the 

mismatch  and  use  the  LOES  model  in  Eqs.  1  and  2;  or  2)  we  can  utilize 
LOES  modes  more  appropriate  to  the  controlled  element  rather  than  being 


1 


rt  values  shown  are  equivalent  delays  in  seconds 
M  is  mismatch,  20/n  2( AGjb  +  •02  APd2,,) 


n/a  (g/rad) 


Figure  5  (3.2. 1.1).  Effect  of  Fitting  with  1/T@2  Fixed 
and  Free,  Category  C  Requirements 

constrained  to  a  first  over  second  order.  For  example,  aircraft  with 
stick  prefilters  are  better  approximated  by  a  first  over  third  order,  as 
noted  above.  The  problem  with  the  second  alternative  is  that  our  data 
base  is  for  classical  unaugmented  airplane  data.  The  consequence  of  the 
first  alternative  is  that  the  fitting  routine  could  come  up  with  parame¬ 
ter  values  which  are  not  physically  meaningful.  The  consensus  was  to 
accept  the  mismatch  (Alternative  No.  1),  rather  than  attempt  to  expand 
the  criterion. 
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5.  Level  3 


A  first-order  divergence  (T2  «  6  sec)  is  allowed  for  the  Level  3 
pitch  -attitude  dynamics.  This  is  consistent  with  the  Level  3  static 
stability  requirement  in  Paragraph  3.4.1. 

The  6-second  limit  on  instability  was  derived  from  in-flight  and 
ground-based  simulator  studies  which  have  documented  the  degree  of 
instability  that  is  safely  flyable.  Reference  181,  for  example,  indi¬ 
cated  a  Level  2  boundary  with  T2  (based  on  the  unstable  aperiodic  root) 
of  2.5  seconds  in  "light"  turbulence  and  4.25  seconds  in  "moderate"  tur¬ 
bulence.  Pilot  ratings  were  fairly  constant  at  5  to  6  until  the  time  to 
double  amplitude  was  reduced  below  6  seconds,  when  significant  deterior¬ 
ation  began. 

E.  GUIDANCE  FOR  APPLICATION 
1.  Alternate  Requirements 

Two  alternate  requirements  have  been  included  for  specifying  pitch 
control  through  the  use  of  classical  parameters  or  their  equivalents, 

1. e.,  o)gp  vs.  n/a  (Figure  1)  and  o>gpTQ2  vs.  Cgp  (Figure  2).  For  the 
ranges  of  T@2  normally  encountered  in  either  augmented  or  unaugmented 
aircraft,  these  requirements  are  identical. 

2.  Equivalent  Systems 


The  equivalent  lower-order  parameters  for  this  section  may  be 
obtained  by  any  means  mutually  agreeable  to  the  procuring  agency  and 
contractor.  The  equivalent  system  matching  routine  documented  in  Appen¬ 
dix  A  is  provided  as  guidance  to  indicate  the  expected  level  of  sophis¬ 
tication  in  the  matching  procedure. 

i_  _  Ke(l/T92)e"Te8 
Fs  ^sp»  ^spJ 


t^sp>  “spl 
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This  representation  is  not  intended  to  place  any  restrictions  on  the 
form  of  the  match.  For  instance,  the  denominator  modes  may  be  composed 
of  two  first-order  roots  rather  than  an  oscillatory  pair.  In  this  case, 
the  snort-period  roots  are: 


( 1/^spi) ( I/TSP2) 


S  sp^sp 


+  U) 


sp 


1 


The  parameters  of  the  above  equations  should  be  obtained  by  matching  the 
high-order  pitch  response  and  the  normal  load  factor  response  from  wi 
to  a>2»  with  the  frequencies  defined  as  follows: 

Normally  0.1  rad/sec 

o>2  Normally  10  rad/sec,  but  not  less  than  a  priori 
estimates  of  aigp  or  l/Tg^. 

A  priori  estimates  can  be  based  on  early  analytical  studies,  wind- 
tunnel  results,  or  extrapolations  from  experience  with  similar  configu¬ 
rations.  The  purpose  is  to  assure  that  the  dynamics  of  the  equivalent 
airframe  are  adequately  defined,  without  requiring  unusually  low-  or 
high-frequency  end  points  in  the  match. 

In  using  reduced-order  models  in  a  MIL  Standard  the  question  of 
allowable  mismatch  is  important.  There  is  currently  insufficient  data 
to  place  definitive  requirements  on  mismatch  between  the  HOS  and  LOES. 
It  should  be  noted,  however,  that  the  question  of  mismatch  is  inherent 
in  any  n-dimensional  representation  of  an  m-dimensional  response,  when 
n  <  m. 

Mismatch  is  defined  as: 

M  -  2(AG)2  +  KE(A$)2 

=  2(ghos  '  glos)2  +  ki[*hos  ~  *los)2 

where 

G  is  the  amplitude  In  dB 
♦  is  the  phase  in  radians 
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(A G)2  and  (A#)2  are  calculated  at  discrete  frequencies  between  <i)j  and  u>2 
evenly  spaced  on  a  logarithmic  scale  and  may  be  compared  with  the  enve¬ 
lopes  in  Figure  6. 

A  brief  NT-33  landing  approach  simulation  tackled  the  question  of 
mismatch  (References  82  and  91  )•  High-order  systems  and  simulations  of 
their  low-order  equivalents  were  flown.  The  experiment  Indicated  that 
very  large  mismatches  proved  unnoticeable  to  pilots  (a  sum-of-squares 
mismatch  around  200  in  the  frequency  range  of  0. 1  <  w  <  10  rad/sec  com¬ 
pared  to  the  previous  arbitrary  values  of  10). 

Reference  83  offers  a  theory  to  explain  the  large  mismatches.  By 
examining  pilot  rating  differences  between  pairs  of  configurations  in 
previous  NT -33  data  (References  5  and  12),  frequency  response  envelopes 
were  derived.  Each  pair  of  configurations  consisted  of  an  unaugmented, 
low-order  airplane  response  and  a  high-order  system  formed  by  adding 
terms  to  the  low-order  response;  Figure  6  shows  the  envelopes  that  were 
derived.  Some  guidance  is  available  from  these  envelopes,  which  are  an 
approximate  measure  of  "maximum  unnoticeable  added  dynamics."*  As  would 
be  expected,  the  pilots  were  moat  sensitive  to  changes  in  the  dynamics 
in  the  region  of  crossover  (1-4  rad/sec).  Mismatches  between  the  HOS 
and  LOES  in  excess  of  the  values  shown  in  the  Figure  6  envelopes  would 
be  cause  to  suspect  that  the  equivalent  parameters  may  not  accurately 
predict  pilot  opinion.  In  such  cases  it  is  recommended  that  the  band¬ 
width  criterion  of  Para.  3.2. 1.2  also  be  checked. 

Additional  comments  on  the  use  of  lower-order  equivalent  systems  may 
be  found  in  References  92  and  158. 

The  influence  of  mid-frequency  added  dynamics  on  LOES  was  discussed 
in  Reference  158,  where  it  was  shown  that  a  series  of  (possibly  unreal¬ 
istic)  lead/lag  combinations  evaluated  in  the  Neal-Smith  in-flight 


The  basic  aircraft  dynamics  were  modified  via  equalization  net¬ 
works.  Modifications  that  resulted  in  1  pilot  rating  change  were 
defined  as  "maximum  unnoticeable  added  dynamics." 


Phase  (deg)  Gain  (dB) 


20 


Frequency (rad/sec) 


Frequency  (rad/sec) 


Figure  6  (1. 2.1.1).  Envelopes  of  Maximum  Unnoticeable 
Added  Dynamics 
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simulation  (Reference  12)  produces  LOES  parameters  which  are  not  neces¬ 
sarily  equivalent  to  their  classical  counterparts.  Of  the  51  configura¬ 
tions  flown  in  the  Neal-Smith  program,  41  were  either  unaugmented  or 
included  only  lags  (first-  or  second-order).  The  flying  qualities  of 
about  two-thirds  of  these  are  correctly  predicted  by  the  requirements. 
The  remaining  ten  configurations  had  combination  lead/lag  dynamics,  and 
only  five  of  these  are  predicted  accurately.  For  the  five  that  failed, 
the  equivalent  dynamics  (ce,  oie,  Te)  predicted  Level  1  flying  qualities 
but  they  were  rated  Level  2  by  the  pilots.  Table  5  lists  the  dynamics 
of  the  HOS  and  LOES  for  these  configurations. 

Review  of  Table  5  reveals  some  interesting  similarities  in  the  low- 
order  equivalent  systems.  With  the  exception  of  Configuration  1C,  all 
have  ce  (  0.5  (though  still  greater  than  0.35).  Three  have  Te  =  0.  All 
but  1C  have  a  first-order  lag  near  the  short-period  frequency;  1C  has  a 
first-order  lead  near  wgp. 

TABLE  5  (3. 2. 1.1).  LEAD/LAG  CONFIGURATIONS  WITH  LEVEL  1  LOES 
AND  LEVEL  2  PILOT  RATINGS 


CONF. 

HOS 

LOES 

PILOT 

RATINGS 

i/t02 

— 

CL 

CO 

kJ* 

usp 

1/TX 

i/t2 

u>3 

Ce 

“e 

T  e 

M 

W 

1A 

1.25 

0.69 

2.2 

0.5 

2.0 

63. 

0.39 

3.14 

0 

6,4 

5 

1C 

1.25 

0.69 

2.2 

2.0 

5.0 

16. 

0.67 

3.02 

0.079 

3.5,5 

4 

2A 

1.25 

0.70 

4.9 

2.0 

5.0 

63. 

0.46 

5.96 

0 

4.5 

4 

2B 

1.25 

0.70 

4.9 

2.0 

5.0 

16. 

0.42 

5.67 

0.059 

6,6 

4,5 

7A 

2.5 

0.79 

7.3 

3.3 

8.0 

63. 

0.44 

8.23 

0 

_ 

4,5 

2 

NOTES:  1.  HOS  from  Neal-Smith  (Reference  12);  LOES  from  MCAIR 

(Reference  83) 

2.  Equivalent  dynamics  are  Level  1  using  MIL-F-8785C 
limits. 
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Figures  7  and  8  more  clearly  show  the  effects  of  the  added  lead/lag 
combinations  on  these  conf igurations.  In  Figure  7  the  Bode  amplitude 
asymptotes  of  the  basic  vehicle  dynamics  (l/Tg^*  “>8p)  of  Configura¬ 
tions  1,  2,  and  7  are  sketched,  and  the  added  dynamics  are  shown  in 
broken  lines.  The  first-order  lead,  in  all  cases,  rotates  the  amplitude 
ratio  counterclockwise  by  20  dB/decade  at  frequencies  above  the  lead 
frequency,  while  the  first-order  lag  (near  u>ap)  serves  to  rotate  the 
amplitude  ratio  back.  The  net  effect  is  an  apparent  "hump”  around 
characterized  in  the  LOES  match  by  a  low  "equivalent"  damping  ratio 
(Table  5).  This  occurs  because  the  lower  order  form  has  no  other  way  to 
match  a  "hump"  in  the  amplitude  plot. 

Similar  effects  are  seen  in  the  phase  angle,  Figure  8:  the  "humps" 
appear  as  phase  lead  (since,  for  the  basic  configurations,  Te  =0).  In 
fact.  Figure  8  shows  that  an  LOES  match  over  the  frequency  range  of 
0. 1-10  rad/sec  would  produce  Tg  <  0  (if  negative  time  delays  were 
allowed)  for  Configurations  1A,  2A,  and  7A.  The  small  positive  xe  for 
Configurations  1C  and  2B  results  from  the  relatively  low-frequency 
second-order  lag  (103)  for  these  cases,  16  rad/sec  as  opposed  to 
63  rad/sec. 

There  are  two  potential  methods  for  dealing  with  lead/lag  systems 
like  those  of  Table  5;  unfortunately,  neither  is  physically  very  appeal¬ 
ing.  And  in  each,  there  is  an  underlying  question  as  to  the  universal¬ 
ity  of  the  equivalent  systems  approach. 


a)  Redefine  Limits  on  Ce 


As  will  be  shown  in  "Supporting  Data,"  a  redefinition  of  the  damping 
ratio  limits  of  MIL-F-8785C  would  improve  correlations  for  the  Neal- 
Smith  configurations.  That  is,  if  Cejn^  ^or  Level  1  were  increased  from 
0.35  to  0.50,  four  configurations  in  Table  5  would  fit  the  requirements 
(ignoring  Configuration  1C,  for  which  none  of  this  discussion  is  appli¬ 
cable)  • 


A  change  in  the  damping  ratio  requirements  would  mean  that  either: 
a)  we  restrict  unaugmented  vehicles  as  well;  this  is  not  appealing 
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Amplitude  (dB) 


Figure  7  (3. 2. 1.1).  Comparison  of  Bode  Amplitude 
Asymptotes  for  Basic  and  Augmented 
Configurations  of  Table  5 


120 


Phase  Angle  (deg) 


since  C8Pmln  Is  very  well-supported  by  flight  test  data  for  classical 
aircraft;  or  b)  we  specify  two  sets  of  requirements  --  one  for  unaug¬ 
mented  aircraft,  and  one  for  augmented  aircraft*  The  latter  is  espe¬ 
cially  unattractive,  since  this  is  tacit  admission  that  Ce  is  not 
equivalent  to  CSp,  and  that  "equivalent  systems"  is  a  misnomer*  Addi¬ 
tionally,  it  presents  the  problem  of  defining  an  augmented  vs*  unaug¬ 
mented  aircraft;  e*g*,  should  addition  of  a  simple  high-frequency  stick 
filter  (whose  only  major  effect  is  to  Increase  tfi.  Figure  9)  suddenly 
mean  that  the  aircraft  must  meet  a  more  stringent  damping  requirement? 
In  fact,  the  problem  with  Configurations  1A,  2A,  2B  and  7A  is  directly 
traceable  from  pilot  commentary  to  overabruptness  and  apparently  has 
nothing  to  do  with  damping  ratio  at  all.  Looking  at  the  frequency 
response  plots  in  Figure  7,  the  "hump"  at  high  frequency  would  indeed  be 
expected  to  lead  to  an  abrupt  response.  However,  the  low-order  form  has 
no  provision  for  a  hump  in  the  amplitude  without  a  correspondingly 
low  CSp*  It  seems  unlikely  that  a  flight  control  system  designer  would 
ever  suggest  equalization  that  would  produce  such  humps  in  the  frequency 
response.  If  for  some  unforeseen  reason  this  should  occur  in  the  real 
(not  simulated)  world,  it  is  suggested  that  the  bandwidth  criterion  be 
utilized.  Four  of  the  five  configurations  of  Table  5  fit  the  bandwidth 
requirement  [see  Figure  8  (3. 2. 1.2)]. 

b.  Redefine  xe 

As  mentioned  above,  three  of  the  four  low-Ce  violators  of  Table  5 
also  have  te  ■  0.  As  Figure  8  suggests,  a  better  LOES  fit  is  obtained 
for  these  three  cases  if  te  is  allowed  to  be  less  than  zero.  Specifi¬ 
cally,  negative  time  delays  can  be  found  in  an  IDES  match  to  be  as  fol¬ 
lows: 

•  Configuration  1A  —  »  -0.004  sec 

•  Configuration  2A  —  Te  “  -0.008  sec 

•  Configuration  7A  --  ie  -  -0.014  sec 
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a)  E  ffect  of  First  -  Order  L  ag 
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b)  Effect  of  Second-Order  Lag 


Figure  9  (3. 2. 1*1).  Effect  of  First-  and  Second-Order  Lags 
on  Equivalent  Time  Delay  and  Pilot  Rating:  LAHOS 
Configurations  (Reference  5) 

The  problem,  clearly,  is  in  interpreting  the  significance  of  nega¬ 
tive  time  delay,  or  time  lead »  Physically,  it  might  be  considered  to 
represent  a  HOS  which  is  too  abrupt  (i.e.,  if  x  <  0,  the  system  responds 
to  an  input  x  seconds  before  the  input  is  made  or  has  finite  magnitude 
at  zero  time)  more  or  less  in  keeping  with  the  above-noted  pilot  commen¬ 
tary. 

3*  Phugoid  Dynamics 

The  long-term  or  phugoid  mode  is  usually  easily  identifiable  as  a 
low-frequency  lightly  damped  oscillation.  When  this  is  the  case,  it  is 
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reasonable  to  measure  the  damping  ratio  directly  from  the  pitch  rate  or 
airspeed  time  response  to  a  pulse  pitch  control  input  and  utilize  the 
result  to  check  for  compliance  with  Table  1.  Equivalent  system  matches 
over  the  low  frequency  range  will  not  be  necessary  in  these  cases. 
Additionally  if  the  phugold  mode  is  suppressed  by  the  flight  control 
system  to  the  point  where  it  cannot  be  identified,  the  requirements  of 
Table  1  are  satisfied. 

For  compliance  with  Level  3,  the  time  to  double  amplitude  must  be 
obtained  utilizing  the  perturbation  values  of  pitch  attitude  (or  air¬ 
speed)  away  from  trim. 

F.  DEKOHSTKATION  OF  COMPLIAHCE 

As  the  design  progresses,  analysis,  simulation,  and  finally  flight 
test  will  be  appropriate  demonstration  means. 

1.  Analysis 

Construction  of  frequency  responses  for  matching  is  conveniently 
performed  by  linearizing  the  high-order  system  for  all  possible  input 
amplitudes,  and  matching  the  frequency  response  using  the  computer  pro¬ 
gram  of  Appendix  A.  The  linearized  high-order  model  is  almost  always 
available  because  it  is  used  in  the  design  process.  If  it  is  not  and, 
for  example,  a  flight  control  element  is  to  be  changed  on  an  existing 
system,  and  relinearization  is  not  feasible,  then  fast  Fourier  analysis 
of  a  nonlinear  simulation  model  of  the  system  works  well  (as  discussed 
below) . 

2.  Simulation 

Fast  Fourier  analysis  of  real-time  or  non-real-time  simulations  of 
the  aircraft  is  best  performed  using  responses  to  a  stick  force  input 
with  wide  frequency  content. 

3.  Flight  Test 

References  84,  93,  94,  and  115  describe  fast  Fourier  reduction  of 
flight  data.  Reference  93  describes  AFFTC  experience  with  the  method. 


Reference  94  discusses  use  of  an  electronically  generated  frequency 
aveep  which  worked  adequately,  and  Reference  84  shows  that  FFT  can  work 
adequately  even  when  the  test  condition  is  theoretically  least  suited  to 
the  method.  Reference  115  shows  a  pilot-generated  frequency  sveep  that 
worked  very  well.  A  typical  frequency  sweep  and  the  resulting  Bode  plot 
(for  a  direct  side  force  control  configuration  from  Ref.  115)  are  shown 
in  Figures  10  and  11,  respectively.  The  instrumentation  required  to 
obtain  these  data  was  minimal,  consisting  of  a  yaw  rate  gyro  and  a  pedal 
position  transducer. 

4*  Piloting  Aspects  of  Flight  Test  for  Augmented  Aircraft 

Reference  84  discusses  the  piloting  aspects  of  flight  test  for  aug¬ 
mented  aircraft,  from  which  the  following  is  extracted: 

Figure  [12]  illustrates  a  landing  time  history  of  a  configura¬ 
tion  with  0. 17  seconds  actual  delay  in  the  longitudinal 
command  path.  The  landing  is  reasonably  routine.  Figure  [13] 
shows  the  same  configuration,  with  the  same  pilot,  on  a  dif¬ 
ferent  landing.  A  pilot  induced  oscillation,  with  virtual 
loss  of  control,  is  evident.  As  discussed  by  Smith  [Refer¬ 
ence  91],  a  high  rate  of  descent  had  developed  which  forced 
the  pilot  to  control  the  aircraft  more  urgently. .. .The  pilot 
awarded  a  rating  of  5  presumably  on  the  basis  that  the  air¬ 
craft  had  been  landed  routinely,  with  some  deficiencies,  on 
two  occasions,  and  control  was  almost  lost  on  one  landing  due 
to  one  of  those  momentary  aberrations  which  afflict  pilots  for 
reasons  unknown. 

The  pilot  in  question  proved  himself  during  the  simulation  to 
be  adaptable  to  widely  different  dynamics,  whereas  the  main 
evaluation  pilot  in  the  same  program,  for  example,  registered 
a  more  consistently  progressive  deterioration  in  rating  as  the 
dynamic  flying  qualities  parameters  of  the  aircraft  were  de¬ 
graded.  The  two  pilots,  though  both  highly  skilled,  therefore 
demonstrated  a  contrast  in  piloting  technique.  This  contrast 
is  significant  because  both  adaptability  and  consistency  are 
qualities  which  are  needed,  and  therefore  commonly  exhibited, 
by  many  development  test  pilots.  The  adaptive  technique,  how¬ 
ever,  presents  more  of  a  challenge  to  the  flying  qualities 
engineer.  He  must  pay  particular  attention  to  pilot  briefing 
and  to  choice  of  piloting  task. 

Pilot  Briefing  -  Augmented  dynamics  possess  potential  problems 
which  might  not  appear  unless  the  pilot  adheres  to  the  proper¬ 
ly  chosen  demanding  task.  Therefore,  the  briefing  should 
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Figure  12  (3. 2. 1.1).  Approach  and  Landing,  No  Pilot-Induci 
Oscillation,  Configuration  P12  of  Reference  91,  Medium 
Offset  Approach  (75  ft  Lateral,  50  ft  Vertical), 
Landing  No.  1  (from  Reference  8A) 
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Figure  13  (3. 2. 1.1).  Pilot-Induced  Oscillation  at  Touchdown 
Configuration  P12  of  Reference  91,  Medium  Offset  Approach 
(75  ft  Lateral,  50  ft  Vertical),  Landing  No.  2 
(from  Reference  84) 


encourage  the  pilot  to  tackle  the  task  aggressively  but  real¬ 
istically.  If  the  pilot  is  not  aware  of  Smith's  discussion  of 
flying  qualities  "cliffs,"  the  briefing  should  include  it 
[Reference  5],  The  classic  cliff  example  is  the  peculiarity 
of  lags  in  augmented  dynamics,  which  can  produce  excellent 
flying  qualities  in  loosely  defined  tasks,  but  pilot-induced 
oscillacions  in  tightly-defined  tasks.  Therefore,  the  pilot 
should  be  encouraged  to  demand  much  of  the  airplane. 

Piloting  Task  -  A  demanding  but  realistic  task  must  be  flown 
to  expose  potential  flying  qualities  problems.  An  offset  pre¬ 
cision  touchdown  has  proved  very  suitable  for  exploring  longi¬ 
tudinal  landing  dynamics,  for  example.  However,  this  is  not 
necessarily  the  critical  task  for  lateral  dynamics.  Task 
selection  is  difficult  because  pilot's  perceptions  of  diffi¬ 
culty  are  sometimes  misleading:  the  approach  is  commonly  con¬ 
sidered  more  difficult  than  flare  and  touchdown,  for  example, 
whereas  the  touchdown  phase  can  clearly  be  critical  [Refer¬ 
ence  5].... There  is  an  obvious  need  for  operational  realism  in 
tasks,  though  there  is  some  evidence  that  deliberately  unreal¬ 
istic  tasks  such  as  handling  qualities  during  tracking  (HQDT), 
might  conveniently  predict .. .difficulties  in  other  more  real¬ 
istic  tasks  [Reference  112]. 

G.  SUPPORTING  DATA 


The  data  base  consists  of  airplanes  with  classical  flying  qualities 
as  well  as  highly  augmented  airplanes  which  are  treated  in  this  section 
by  reduction  to  lower-order  equivalent  systems.  The  supporting  data  for 
classical  airplanes  and  highly  augmented  airplanes  are  presented  sepa¬ 
rately  in  the  following  two  subsections. 

1.  Supporting  Data  —  Classical  Airplanes 

Most  of  the  available  data  are  for  Category  A  Flight  Phases  only.  A 
small  amount  of  Category  C  data  is  available,  while  data  for  Category  B 
are  extremely  sparse.  There  is  a  considerable  amount  of  existing  data 
which  do  not  support  the  boundaries  in  Figures  1  and  2  (see  Reference 
11).  However,  a  close  review  of  the  data  reveals  that  most  of  the  scat¬ 
ter  was  due  to  secondary  effects.  For  example,  in  some  cases  the  stick 
force  per  g  (Fg/n)  was  outside  the  Level  1  limits.  In  other  cases 
the  tests  were  performed  with  an  extremely  low  load  factor  limit 
(nz  <  2.0  g),  or  with  the  short-period  frequency  near  a  wing  structural 
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mode*  There  Is  evidence  in  the  references  that  in  these  cases  the 
extraneous  factors  may  be  influencing  pilot  ratings* 

A  careful  review  of  References  9,  10,  22,  26,  28,  and  95-102  was 
undertaken  to  cull  out  Inappropriate  data*  Those  reports  which  were 
complete  enough  to  allow  a  thorough  analysis  of  the  test  conditions  and 
results  were  reviewed  in  detail.  Others  were  considered  to  raise  too 
many  questions  to  be  analyzed  with  confidence*  (This  is  not  meant  to 
imply  that  some  of  the  reports  are  Invalid,  but  that  they  were  not  com¬ 
plete  enough  to  gain  sufficient  insight  into  the  causes  for  expected  or 
unexpected  pilot  ratings.) 

In  particular,  valid  and  usable  reports  were  those  which  contained 
at  least  the  following:  1)  characteristics  of  short-period  mode(s); 
2)  description  of  aircraft  actuators,  feel  system,  etc.;  3)  description 
of  maneuvers;  4)  flight  conditions;  5)  pilot  opinion  rating  scales  used; 
and  6)  pilot  comments  or  discussion  of  pilot  comments*  The  last  factor 
especially  reduced  the  number  of  reports  retained  for  analysis*  Pilots' 
descriptions  of  motions,  responses,  flight  conditions,  and  control 
forces  were  considered  essential  to  justify  any  pilot  ratings  which  were 
inconsistent  with  other  test  data  or  with  expectations. 

References  22,  26,  95,  97,  100  and  101,  all  rather  old,  did  not  con¬ 
tain  sufficient  pilot  commentary,  if  any,  to  be  useful  in  the  above 
context*  In  addition,  high  Mach  number  data  in  Reference  96  were  not 
used  because  pilots  considered  the  attitude  display  of  the  aircraft  (an 
XB-70)  to  be  Inadequate  when  operating  at  high  speeds.  Low-n/o  tests  of 
Reference  9  (n/a  *  16*9  g/rad)  were  subject  to  a  buffet-onset  load  fac¬ 
tor  limit  of  nz  -  2  g  —  low  for  evaluating  a  fighter-type  aircraft*  It 
was  also  noted  in  Reference  9  (page  41)  that: 

Airplane  sensitivity  was  more  erratic  t  id  diffi¬ 
cult  to  control  when  the  structural  modes  of  the  air¬ 
plane  were  excited*  The  primary  structural  mode 
excited  was  wing  bending,  which  occurred  at  frequen¬ 
cies  between  17  and  21  rad/sec  (2.7  to  3*3  cps) . 

These  bending  frequencies  were  observed  in  the  oscil¬ 
lograph  record  of  a  wing  tip  mounted  accelerometer 
and  are  a  function  of  the  fuel  remaining  in  the  tip 
tanks.  Both  pilots  commented  on  the  varying  degree  of 
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structural  excitation  that  occurred  when  the  airplane 
undamped  frequencies  varied  from  approximately  8  to 
11.5  rad/sec  (approximately  half  the  structural  fre¬ 
quencies).  The  erratic  nature  of  the  pilot  ratings 
and  pilot-selected  stick  forces  in  this  region  are 
also  understandable.  The  pilots  were  obviously  cor¬ 
recting  and  interpreting  sensivity  due  to  structural 
factors  as  well  as  the  inherent  airplane  sensitivity. 

Based  on  this  evidence  all  data  of  References  9,  13,  and  102  (which  are 
T-33-based  experiments)  with  ioSp  >  8  rad/sec  were  deleted.  Ratings  data 
from  Reference  99  (taken  in  a  B-26,  simulating  a  fighter  configuration) 
showed  greater  scatter  and  overall  better  (lower)  ratings  than  any  of 
the  other  reports.  This  led  to  an  evaluation  of  the  reference,  and  to 
the  conclusion  that  the  tasks  of  Reference  99  were  not  sufficiently 
demanding  to  provide  a  good  basis  for  evaluation  of  closed-loop  handling 
qualities.  Hence  the  data  were  not  used. 

In  summary.  References  9,  28,  and  102  provided  good  short-period 
data  for  Category  A;  Reference  96  contained  the  only  Category  B  data; 
References  10  and  98  contained  Category  C  information. 

a.  Category  A 

1)  uj  vs.  n/o  Criterion 
sp 

Figure  14  shows  the  short-period  frequency  boundaries  for  the  Cate¬ 
gory  A  Flight  Phases.  The  applicable  data  (with  Level  1  Fg/n)  from 
References  9,  28,  and  102  are  compared  with  the  boundaries.  These  data 
represent  52  separate  u>&p  -  n/a  combinations  flown  and  rated  by  six 
pilots.  Eight  configurations  which  fell  within  the  Level  1  boundaries 
were  rated  Level  2  or  worse.  The  boundaries  correctly  predicted  pilot 
ratings  about  80  percent  of  the  time  —  an  adequate  success  rate  given 
the  variability  of  flight  tests  and  pilot  ratings.  Note  that  most  of 
the  violations  occur  at  large  n/a  (as  at  high  speed). 

The  data  in  Figure  14  represent  those  cases  for  which  £Sp  and  Fg/n 
were  within  the  present  Level  1  boundaries.  Therefore,  the  ratings 
shown  can  be  assumed  to  be  due  solely  to  short-period  frequency  and  n/a 
influences.  For  some  experiments  it  could  be  argued  that  even  Level  2 
Fg/n  should  be  plotted,  since  the  pilots  were  allowed  to  select  the 
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Figure  14  (3. 2. 1.1).  Comparison  of  Pilot  Ratings  With 
Category  A  Short-Period  Frequency  Requirements 
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optimum  value.  We  have  taken  a  somewhat  conservative  approach  by  elimi¬ 
nating  these  data.  Our  reasoning  was  that  Levels  2  and  3  are  boundaries 
for  an  off-nominal  or  failed  state,  and  that  pilots  will  not  have  a 
chance  to  optimize  Fg/n  after  a  failure.  It  should  be  noted  thai  Level 
2  values  of  Fg/n  are  usually  selected  by  pilots  to  account  for  a  basic 
flying  quality  deficiency.  For  example,  a  pilot  would  desire  a  very  low 
Fs/n  after  a  failure  which  results  in  a  statically  unstable  airframe, 
requiring  pulse-like  control  inputs. 

Short-period  damping  boundaries  are  shown  in  Figure  15.  Since  this 

criterion  presents  c8p  as  an  independent  parameter,  it  has  been  plotted 

directly  against  pilot  rating.  The  other  variables  (tosp,  n/o,  and 

Fg/n)  are  Level  1  values.  The  resulting  data  (48  individual  ratings) 

show  definite  trends  in  correlation  with  the  boundaries.  However, 

several  points  for  which  damping  is  good  (c„_  *  0.67-0.74)  are  rated 

Level  2  to  3.  The  low-damping  data  from  Reference  9  suggest  that  the 

r  lower  limits  could  be  reduced.  Seven  ratings  are  worse  (higher  in 
sp 

value)  than  predicted,  all  occurring  within  the  Level  1  boundaries;  only 
one  is  better  than  predicted. 

Any  possible  interdependence  between  £gp  and  u)s2/(n/a)  can  be  taken 
into  account  by  replotting  the  criterion  boundaries  on  a  grid  of  £gp 
vs.  ui|p/(n/a)  as  in  Figure  16. 

The  authors  of  the  8785B  BIUG  (Reference  11)  also  noticed  that  c 
lower  limits  were  too  restrictive;  however,  they  decided  that  since 
most  evaluations  had  been  conducted  in  minimal  turbulence  the  data- 
supported  limits  would  not  account  for  effects  of  turbulence.  Thus,  the 
limits  of  8785B  (Reference  13)  were  chosen,  somewhat  higher. 

The  upper  u>|p/(n/u)  limits  of  8785C  (Reference  4)  are  difficult  to 
confirm  baaed  on  the  Figure  16  plot  because  the  high-frequency  (u>gp  >  8 
rad/sec)  data  have  been  removed  from  the  data  base,  as  noted  above. 
Some  of  the  data  may  be  usable,  however,  since  the  structural  bending 
mode  was  reported  to  be  most  pronounced  at  low  speed  with  a  high  fuel 
load.  For  this  Handbook  all  high-frequency  data  have  been  removed;  and 
time  did  not  permit  further  review  of  the  low-fuel  and  high-speed  cases 


So 

U 

o 

oc 

(V 


3 


(0  03 

00  -U 

c  c 

*tH  0> 

E 

«S  £ 


3 

o  cr 

rH  0) 

•H  oc 

*4 

00 

^  c 

°  7! 

CL 
C  E 
O  flJ 
w  Q 


Vh  T3 

«  O 

Q*  *H 

E  ^ 

o  <y 

u  CL 
i 


•  u 

S—K  O 

-h  X 

•  cn 


CM 

CO 


Q> 

Ui 

3 

oo 


.♦/’A, .  * 


Figure  16  (3. 2. 1.1).  Comparison  of  Pilot 
Category  A  Short-Period  Frequency  and 
Ratio  Requirements 
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for  possible  suitability.  Thus,  a  better  analysis  of  the  CAP  upper 
boundaries  could  perhaps  be  accomplished  using  any  such  valid  data  as 
may  exist  in  References  9,  28,  and  102.  In  the  meantime,  the  upper 
boundary  on  u»|p/(n/a)  has  been  retained. 

2)  “spT02  vs*  5sp  Criterion 

Figure  17  shows  the  data  used  to  support  the  requirements  based  on 
wspT0  2  an<*  C gp •  The  damping  limits  are  not  supported  by  the  pilot  rat¬ 
ings  but  are  consistent  with  those  shown  in  the  previous  discussion. 
The  absolute  lower  limits  on  <Dgp  utilized  in  the  u>gp  vs.  n/a  criterion 
have  been  retained  in  the  WgpTg^  vs.  cgp  requirement  for  the  lack  of  any 
better  data.  They  are  presented  in  a  table  in  Figure  2a. 

More  work  needs  to  be  done  to  define  the  upper  limits  on  uigpTg^  for 
Category  A. 

b.  Category  B 

1)  u)ari  vs.  n/a  Criterion 

sp 

Applicable  pilot  ratings  from  Reference  96  (XB-70)  are  compared  with 
the  u>8p  limits  in  Figure  18  and  with  the  cgp  boundaries  in  Figure  19. 
The  data  do  not  conflict  with  the  boundaries,  but  there  are  not  enough 
data  to  judge  the  appropriateness  of  the  criteria. 

2)  uspT0 2  vs.  cgp  Criterion 

Since  there  are  insufficient  data  to  propose  boundaries,  the  Cate¬ 
gory  B  limits  have  been  made  compatible  with  the  Category  A  and  C 
limits,  so  <*>SpT0 2  “  1*0  for  Level  1  and  u>spT02  “  0.58  for  Level  2.  Fig¬ 
ure  20  illustrates  the  criterion,  and  compares  the  Reference  96  data. 

c.  Category  C 

1)  wap  vs.  n/a  Criterion 

The  Category  C  flight  test  data  of  References  10  and  98  (B-367-80 
and  T-33,  respectively)  are  compared  with  the  short-period  frequency 
requirements  in  Figure  21  and  damping  requirements  in  Figure  22. 
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Figure  18  (3. 2. 1.1).  Comparison  of  Pilot  Ratings  with 
Category  B  Short-Period  Frequency  Requirements 
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Figure  20  (3. 2. 1.1).  Alternate  Category  B  Short-Period 
Flying  Qualities  Requirements  (Reference  96 
data.  Level  1  Fg/n) 
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Figure  22  C3- 2. 1.1).  Comparison  of  Pilot  Ratings  with  Category  C 
Short-Feriod  Damping  Requirements 

The  frequency  data  fit  the  boundaries  very  well,  with  a  success  rate 
of  about  81  percent*  This  is  comparable  to  the  80  percent  for  the  Cate¬ 
gory  A  data,  but  there  are  far  fewer  Category  C  ratings,  over  a  much 
smaller  range  of  n/a.  Damping  predictions  are  worse,  73  percent  — 
Identical  to  that  for  Category  A.  The  data  support  reduction  in  the 
minimum  Csp  for  all  levels,  similar  to  those  suggested  by  the  Category  A 
data*  However,  as  for  the  Category  A  data,  these  tests  were  conducted 
in  minimal  turbulence,  so  the  MIL-F-8785C  damping  ratio  limits  have  been 
retained* 

2)  <*>3pT02  vs.  Cgp  Criterion 

Preliminary,  straight-line  boundaries  of  “>gDTe  and  C  are  shown 

2.  sp 

in  Figure  23  (solid  lines).  The  data  fit  these  limits  with  a  confidence 
level  of  about  82  percent,  so  the  boundaries  seem  to  work  well*  An  even 
better  fit  is  given  by  the  dashed  lines  in  Figure  23,  which  correlate 
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with  more  than  90  percent  of  the  ratings*  Note  that  these  latter  bound¬ 
aries  tend  to  eliminate  combinations  of  low  damping  and  low  frequency* 
We  have  therefore  elected  to  set  the  criterion  boundaries  based  on  the 
dashed  lines  in  Figure  23.  The  minimum  levels  of  u>__  (independent  of 
u#spT0  2^  have  been  taken  directly  from  the  oiap  vs.  n/o  criterion  and  are 
presented  in  a  table  in  Figure  2c.  The  minimum  levels  of  I/Tq^  are 
based  on  the  n/a  limits  in  Figure  lc  by  assuming  an  approach  speed  of 
135  kt  and  noting  that  1/T02  “  (&/V) (n/a) • 

2.  Supporting  Data  —  Augmented  Airplanes 

Feedbacks,  crossfeeds,  and  feedforwards  utilized  for  modification  of 
aircraft  response  characteristics  frequently  result  in  higher-order  non- 
classical  control  input  transfer  functions.  At  present  there  is  no  uni¬ 
versally  accepted  method  to  evaluate  higher-order  system  (HOS)  effects 
on  flying  qualities.  The  first  attempt  to  account  for  HOS  effects  in  a 
specification  (MIL-F-8785C,  Reference  4)  was  the  insertion  of  the  word 
"equivalent"  for  classical  short-period  damping  and  frequency  require¬ 
ments,  as  well  as  addition  of  a  maximum  phase  lag  on  the  nzp:Qot/Fs  fre¬ 
quency  response  and  inclusion  of  an  allowable  response  time  delay.  Ref¬ 
erence  80  analyzed  a  configuration  whose  flight  control  system  shifted 
the  short-period  mode  to  a  new  location  which  was  within  Level  1.  How¬ 
ever,  a  low-order  match  to  the  high-order  response  indicated  a  sluggish 
system  with  an  effective  frequency  well  below  the  high-order  root,  which 
in  fact  was  identical  to  the  unaugmented  short-period  mode. 

The  variable-stability  NT-33  results  of  DiFranco  (Reference  103)  and 
Neal  and  Smith  (Reference  12)  also  clearly  show  that  identifying  a 
single  mode  from  a  high-order  response  is  unsuitable. 

In  this  section,  HOS  and  LOES  will  be  examined  and  compared  with  the 
specification  boundaries  of  Figure  1.  The  sources  of  the  HOS  data  are 
two  Calspan  research  efforts,  by  Neal  and  Smith  (Reference  12)  for  Cate¬ 
gory  A  flight  phases  and  by  Smith  (Reference  5)  for  Category  C. 
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a.  Neal-Smith  Data  (Reference  12) 


The  in-flight  NT-33  experiments  conducted  by  Neal  and  Smith  repre¬ 
sent  a  first  look  at  generic  variations  typical  of  highly  augmented 
aircraft.  For  evaluation  of  HOS  characteristics  and  criteria,  51 
separate  FCS/short-period  configurations  were  flown  on  the  USAF/Calspan 
NT-33.  Of  these,  some  require  qualifications:  tests  conducted  at 
250  kt  (n/a  *  18.5)  were  limited  to  a  load  factor  of  2.5  g,  due  to 
buffet  onset;  Neal  and  Smith  reported  that  the  pilots  did  not  fly  these 
tests  as  aggressively  as  they  did  the  high-speed  (350  kt)  tests. 

Figure  24  shows  the  equivalent  dynamics  of  the  51  Neal-Smith  config¬ 
urations  (from  Reference  83)  and  corresponding  Cooper-Harper  ratings. 
The  frequency  and  damping  ratio  limits  have  been  cross-plotted  to  facil¬ 
itate  presentation  of  the  data.  Figure  24a  includes  actual  pilot  rat¬ 
ings  for  each  pilot;  for  those  cases  which  have  Te  <  0.1  (Level  1), 
correlation  is  quite  good.  There  is  clearly  a  relationship  between 
T  e  and  PR  (Figure  24b),  though  the  Te  limits  appear  to  be  too  lenient 
since  many  of  the  configurations  which  are  predicted  to  have  Level  1 
CSp  and  <*>gp  have  higher  (poorer)  ratings  than  predicted  by  xe  alone.  In 
Figure  24b  only  the  mean  pilot  rating  and  standard  deviation  have  been 
plotted,  to  reduce  the  number  of  data  points. 

A  point-by-point  comparison  of  the  LOES  data  in  Figure  24  shows  that 
the  flying  qualities  Levels  are  accurately  predicted  for  about  two- 
thirds  of  the  configurations.  (This  requires  some  liberal  interpreta¬ 
tion;  e.g.,  if  a  PR  change  of  one-half  rating  would  improve  correlation, 
the  configuration  is  assumed  to  fit  the  criterion.  Such  a  PR  variation 
Is  well  within  the  range  of  normal  ratings  variations.)  This  correla¬ 
tion  rate  is  not  outstanding,  but  is  close  to  that  found  for  flying 
qualities  data  in  general  (for  example,  the  data  used  in  Reference  11  to 
define  the  5sp  and  u>8p  boundaries  of  MIL-F-8785B).  Several  Level  2 
rated  configurations  lie  well  within  the  Level  1  boundaries.  However, 
the  four  configurations  with  Ce  *  0*4  indicate  that  if  the  damping 
ratio  lower  limits  were  Increased  correlation  would  improve  (see 
"Guidance  for  Application").  This  is  in  contradiction  with  the  results 
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of  the  previous  section,  where  a  decreased  C8p  limit  would  improve 
correlation  for  classical  aircraft. 

Not  surprisingly,  the  “>apT02  criterion  does  not  correlate  the  Refer¬ 
ence  12  data  any  better  (Figure  25).  Correlation  would  be  improved  if 
the  minimum  damping  for  Level  1  were  increased  to  0.5  and  if  w8pT02 
were  increased  to  a  value  around  1.85.  Both  changes  would  be  incompat¬ 
ible  with  the  data  base  for  classical  unaugmented  aircraft.  The  incon¬ 
sistency  between  the  unaugmented  and  augmented  airplane  data  base  needs 
to  be  further  studied  to  determine  if  it  is  a  fundamental  characteristic 
of  equivalent  systems  (see  "Guidance  for  Application"  for  specific  exam¬ 
ples).  Until  such  analyses  can  be  conducted,  we  have  elected  to  utilize 
the  original  MIL-F-8785C  boundaries  which  are  based  on  classical  air¬ 
plane  data.  However,  for  the  purposes  of  guidance,  according  to  the 
data  the  equivalent  frequency  and  damping  for  Level  1  augmented  air¬ 
planes  should  meet  the  following  criteria  for  Category  A  flight  condi¬ 
tions. 

2 

«spT02  >  i*85  3- 6  >  >  0.37 

^sP  >  0-50 

b.  LAHOS  Data  (Reference  5) 

A  systematic  evaluation  comparable  to  the  Neal-Smith  study  was  con¬ 
ducted  for  HOS  effects  in  landing  approach  (Category  C).  The  Landing 
Approach  Higher  Order  System  (LAHOS)  study  (Reference  5)  provides  a  good 
set  of  data  for  comparing  LOES  with  Category  C  requirements. 

2 

Figure  26a  compares  LOES  matches  with  mgp/(n/a),  and  the  LAHOS  data 
are  plotted  against  the  allowable  time  delay  (Tg)  requirements  in  Fig¬ 
ure  26b.  The  LAHOS  data  correlate  well  with  the  boundaries.  In  fact, 
the  flying  qualities  of  about  85  percent  of  the  LAHOS  configurations  are 
accurately  predicted.  The  only  area  of  poor  correlation  in  Figure  26 
involves  those  configurations  which  should  have  Level  1  flying  quali¬ 
ties,  but  are  rated  by  the  pilots  as  Level  2.  This  may  be  in  part  a 
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Figure  25  (3, 2. 1.1).  Comparison  of  Neal-Smith  LOES 
Characteristics  with  wSpT02  vs.  CSp 


function  of  the  fidelity  of  the  tests  and  the  realism  of  the  tasks:  a 
combination  of  instrument  and  visual  approaches  through  touchdown  and 
landing,  or  with  intentional  go-around  maneuvers.  Most  of  the  classical 
data  upon  which  the  short-period  requirements  are  based  (see  Refer¬ 
ence  11)  were  generated  for  approach  and  go-around  tasks  only,  seldom 
including  actual  landing,  which  is  normally  the  most  critical  area.  The 
LAHOS  data  may  therefore  be  more  representative  of  flying  qualities  in 
the  terminal  phases  of  flight.  Reference  5  discusses  this  at  some 
length. 

One  shortcoming  of  LAHOS  is  that  the  equivalent  systems  do  not  cover 
a  wide  range  of  csp  an<*  “sp  (Figure  26a);  these  are  Level  2  or  worse  for 
only  nine  of  the  46  configurations.  LAHOS  is  primarily  an  exercise  of 
the  Te  limits  (Figure  26b).  (This  is  not  a  shortcoming  of  the  LOES 
approach,  but  an  artifact  of  the  range  of  HOS  evaluated  in  the  LAHOS 
program) . 

Not  surprisingly,  u)SpT0  2  vs.  c gp  is  very  similar  (Figure  27).  As 
with  the  Category  A  data  (Neal-Smith) ,  considerable  improvement  in  the 
correlations  would  be  possible  by  increasing  the  c8p  limit  to  0.50  and 
<*> spTg 2  t0  1*85.  There  is  one  data  point  to  suggest  a  possible  increase 
in  “spTe2  to  2*2* 

3.  Large  Airplanes  (Classes  II  and  III) 

There  have  been  frequent  suggestions  by  manufacturers  of  large  air¬ 
craft  that  the  Level  1  lower  requirements  on  o)ap  vs.  n/a  should  be 
lowered  in  the  landing  approach.  Calspan,  in  Reference  104,  did  not 
recommend  this  relaxation  because  data  in  the  BIUG,  Reference  11,  and  in 
Calspan's  proposal  to  modify  MIL-F-8785B,  Reference  59,  substantiate  the 
original  boundary  quite  well.  Informal  discussions  with  pilots  of  large 
aircraft  Indicate  that  current  large  airplanes  possess  generally  com¬ 
fortable  baudwldth  for  routine  use.  However,  when  the  task  difficulty 
is  Increased  due  to  weather  conditions,  for  example,  hard  landings  and 
go-arounds  are  common.  In  view  of  the  very  demanding  landing  conditions 
being  imposed  on  large  military  aircraft  such  as  the  YC-14,  YC-15,  and 
C-X,  relaxation  of  the  requirement  seems  imprudent  until  more  substan¬ 
tiating  data  become  available. 


4.  Level  3 


An  aperiodic  divergence  with  a  time  to  double  amplitude  of  6  sec  is 
allowed  for  Level  3  flying  qualities.  Substantiation  for  the  require¬ 
ment  was  given  in  Reference  122.  The  essence  of  that  discussion  is 
repeated  below. 

In  response  to  a  pulse  control  input,  stable  aircraft  reach  new 
steady  values  of  a,  h  and  V;  unstable  aircraft  have  the  same  initial 
response,  then  diverge,  as  illustrated  by  Figure  28  (from  Reference 
178).  For  a  supersonic  transport  design,  impulse  responses  are  shown 
for  various  degrees  of  static  instability  as  Cm(o0  was  varied.  Also 
shown  is  the  response  of  a  configuration  having  much  more  static  insta¬ 
bility,  with  time  to  double  amplitude  reduced  by  a  pitch  damper.  Evalu¬ 
ation  pilots  rated  both  of  these  configurations  unacceptable,  but  termed 
the  latter's  characteristics  insidious.  From  Reference  179,  commenting 
on  an  F9F-2  airplane  with  static  instability  ameliorated  by  a  pitch 
damper  to  give  about  6  seconds  to  double  amplitude: 

The  rate  of  divergence  of  the  airspeed  was 
scarcely  noticeable  to  the  pilots  in  normal  fly¬ 
ing.  However,  this  degree  of  instability  might 
be  objectionable  for  flight  operations  where 
accurate  control  of  airspeed  is  required. 

From  Reference  95,  pilot  tolerance  of  aperiodic  instability  is  much 
greater  than  of  oscillatory  Instability  (Figure  29).  In  that  variable- 
stability  YF-86D  evaluation,  an  aperiodic  divergence  was  not  considered 
safe  with  less  than  1  sec  to  double  amplitude:  "there  was  a  dangerous 
situation  in  that  a  short  distraction  of  the  pilot's  attention  could 
allow  the  unstable  vehicle  to  diverge  to  the  point  that  it  was  difficult 
to  recover."  For  statically  stable  configurations  "the  unacceptable 
boundary  is  close  to  the  zero  damping  boundary  over  most  of  the  fre¬ 
quency  range... in  the  very  low-frequency  and  very  high-frequency  ranges 
a  small  amount  of  positive  damping  is  required  to  remain  within  the 
acceptable  region."  Commenting  on  this  different  tolerance,  Taylor  and 
Day  (Reference  182)  state: 
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Figure  28  (3. 2. 1.1).  Comparison  of  Effects  of  Various 
Stability  Characteristics  on  Airplane  Response 
to  Elevator  Pulse  (-5  deg  for  0.2  sec  at  t=0) 
(Reference  178) 


♦2  =  I  sec  6  sec 


Figure  29.  (3. 2. 1.1).  Contours  of  Constant  Pilot  Opinion  in 
Statically  Unstable  Region;  Constant  Stick-to-Stabilizer 
Gearing  (Reference  95) 


At  the  higher  frequencies,  the  technique  for 
controlling  the  motion  was  not  learned  as 
quickly....  Controlling  the  pure  divergence  in 
the  region  of  a  static  instability  was  more 
natural  and  less  tiring  than  controlling  the 
oscillatory  airplane  motions,  inasmuch  as  the 
pilot  need  only  to  counteract  the  angle-of-attack 
divergence  without  leading  the  motion  to  sta¬ 
bilize  the  aircraft. 

The  unchanged  phugoid  requirement,  T£  >  55  seconds  for  Level  3, 
still  limits  the  low-frequency  tolerable  oscillatory  instability  (the  a, 
q,  and  nz  feedbacks  used  in  these  variable-stability  airplanes  would  not 
suppress  the  phugoid  mode  in  the  region  of  low  short-period  frequency 
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and  damping).  Higher-frequency  oscillatory  instabilities  are  unlikely, 
requiring  considerable  negative  aerodynamic  damping;  the  limit  of 
6  seconds  to  double  amplitude  would  fit  the  Level  3  boundary  of  Refer¬ 
ence  95  for  0  <  uijj  <  6  rad/sec. 

For  aperiodic  instability,  Reference  180  shows  that  the  boundary  of 
acceptability  "for  emergency  condition”  (Cooper  6.5)  was  insensitive  to 
the  value  of  lift-curve  slope,  or  1/T02  or  n/ot,  for  positive  lift-curve 
slopes.  This  boundary  value  was  2  seconds  to  double  amplitude. 

Reference  181  demonstrates  that  at  least  at  low  speeds,  the  "short- 
period"  approximation  can  give  a  grossly  incorrect  value  of  T2»  The  T£ 
obtained  from  the  angle-of-attack  trace  matched  the  theoretical  value 
well  when  was  actually  linear.  References  178  and  181  both  elabor¬ 
ate  on  the  range  of  values  for  time  to  double  amplitude  obtained  by 
different  means:  calculation  from  three-degree-of-freedom  equations 
and  various  simplifications,  measurement  from  a,  6  or  V  responses. 
Ma  nonlinearities  gave  different  results  for  nose-up  and  nose-down  per¬ 
turbations;  of  course  the  worst  direction  would  govern,  for  all  reason¬ 
able  magnitudes.  Most  of  the  evaluations  gave  some  consideration  to 
turbulence.  The  Reference  181  baseline  configuration  had  a  Level  2 
value  of  dy/dV,  but  zero  values  were  included  in  the  evaluation  —  with 
a  little  improvement  in  rating,  but  less  noticeable  in  turbulence.  The 
evaluations  considered  both  visual  and  instrument  flight. 

On  the  basis  of  all  .  ie  considerations,  6  seconds  to  double  ampli¬ 
tude  seems  a  reasonable,  safe  limit.  Operators  may  be  well  advised  to 
give  pilots  of  potentially  unstable  airplanes  some  flight  simulator 
experience  with  such  instability.  It  should  be  noted  that  pitch  atti¬ 
tude  and  airspeed  will  double  in  amplitude  (with  respect  to  their  trim 
values)  at  approximately  the  same  rate  since  u  »  g9.  Hence  the  allow¬ 
able  divergence  in  attitude  is  the  same  as  airspeed  response  to  attitude 
(Para.  3.4.1). 

It  is  desirable,  though  impractical  at  this  time,  to  make  the  allow¬ 
able  instability  a  function  of  time.  Clearly  an  instability  in  cruise, 
where  it  might  be  hours  before  a  runway  is  available,  could  be  very  tir¬ 
ing  to  the  pilot. 
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H.  LESSONS  T-KABHKP 

Three  major  lessons  have  emerged  from  recent  work  on  equivalent  sys¬ 
tems: 

1)  There  are  sufficient  parameters  In  the  equivalent  system 
models  to  allow  correlation  with  flying  qualities  problems 
of  the  very  hlgh-order  systems  which  have  so  far  been 
designed  for  operational  aircraft* 

2)  Of  these  equivalent  parameters,  large  equivalent  delays 
are  highly  correlated  with  pilot-induced  oscillation  ten¬ 
dencies. 

3)  Succumbing  to  the  temptation  to  add  complexity  to  the 
flight  control  system  can  easily  degrade,  rather  than 
Improve,  the  handling  qualities. 

The  second  lesson,  though  evident  In  the  in-flight  simulation  data  of 
DIFranco,  Neal  and  Smith,  and  LAHOS  (References  103,  12,  and  5  respec- 
■  tively)  has  also  been  learned  the  hard  way.  The  Tornado  experience 

described  by  Gibson  in  Reference  105  was  discussed  In  Reference  106  as 
follows: 

[The  Tornado  description]  Is  a  rare  example  of  a  type  of  paper 
*  that  should  be  encouraged.  In  this  paper  the  airplane 

designer  admits  that  his  airplane,  equipped  though  it  is  with 
a  full  authority  fly-by-wire  flight  control  system,  turned  out 
to  have  serious  flying  qualities  problems  that  required  solu¬ 
tions.  The  example  is  rare  not  because  problems  occurred,  but 
because  the  designer  was  willing  to  report  on  the  experience. 

In  fact,  similar  problems  (pitch  PIO  in  landing  caused  by  con¬ 
trol  system  phase  shl-ft  and  roll  PIO  caused  by  high  roll  con¬ 
trol  gain)  have  been  expei -enced  in  highly  augmented  aircraft 
designed  in  the  USA  such  as  the  YF-17,  YF-16,  F-18,  and  Space 
Shuttle. 

In  the  Tornado  example,  the  problem  was  related  to  excessive  pitch 
command  gains  and  high-frequency  filters  (i.e.,  large  Tfi).  Richards 
and  Pilcher  (Reference  107)  give  a  frank  discussion  of  PIOs  (lateral  in 
this  case)  encountered  when  the  demanding  task  of  shipboard  landing  was 
first  evaluated  with  an  early  F-18  version  containing  excessive  equiva¬ 
lent  delay. 
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An  Important  lesson  learned  from  both  the  Tornado  and  F-18  experi¬ 
ence  is  that  the  pilot-induced  oscillations  due  to  equivalent  delay,  or 
phase  shift,  though  pronounced,  can  be  very  isolated*  Lateral  PIOs 
occurred  in  two  of  the  49  carrier  landings  performed  with  the  F-18. 
Considerable  flight  experience  had  been  accumulated  on  the  Tornado  be¬ 
fore  the  hard  landing  reported  by  Gibson. 

Differences  between  ground-based  simulation  and  in-flight  character¬ 
istics  appear  inherent  in  experience  with  the  above  aircraft.  Presum¬ 
ably  all  these  aircraft  were  simulated  on  ground  equipment  during  the 
design,  and  their  problems  only  appeared  later  in  flight.  The  differ¬ 
ences,  seen  in  the  early  results  of  DiFranco  (Reference  103)  and  Parrag 
(Reference  108)  have  also  been  the  subject  of  some  recent  study*  Fig¬ 
ure  30  illustrates  some  differences  between  pilot  ratings  for  various 
equivalent  delays  in  various  simulations.  The  figure  is  from  Reference 
84,  which  summarizes  the  lessons  learned: 

Pilot  rating  degradation  due  to  equivalent  delays  is  often  far 
more  serious  in  flight  than  on  a  ground-based  simulator.. . . 

Most  of  the  data  show  a  threshold  in  pilot  rating  degradation 
due  to  delay  followed  by  a  fairly  linear  increase  in  the  rat¬ 
ing. 

The  Navion  in-flight  results  (References  109,  110]  form  both 
extremes  of  the  data,  i.e.,  producing  the  most  immediate  deg¬ 
radation  due  to  delay  (for  lateral  dynamics)  and  also  the 
least  ultimate  degradation  (for  longitudinal  dynamics). 

The  MCAIR  ground-based  data  are  similar  to  the  F-8  low  stress 
landings  of  Berry,  et  al.  (Reference  ill].  The  F-8  high 
stress  landing  data  closely  approach  the  NT-33  longitudinal 
landing  data  [References  5,  91]  and  the  NT-33  lateral  landing 
data  [References  82,  91].  A  general  trend  of  rating  versus 
delay  can  be  inf erred... .However,  there  is  much  to  be  learned 
about  lags  and  equivalent  delay  effects. 

In  the  "Supporting  Data"  section  an  example  of  the  value  of  equiva¬ 
lent  systems  was  shown  for  an  augmented  airplane.  A  more  recent  appli¬ 
cation  of  L0ES  provides  even  stronger  support.  An  emergency  backup 
control  system,  for  the  USAF  AFTI/F-16  power  approach  and  landing,  was 
designed  with  a  pitch  rate  feedback  to  the  horizontal  tail.  Figure  31 
illustrates  the  control  system,  and  shows  the  9/5e  transfer  function  for 
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the  unaugmented  AFTI/F-16  In  the  power  approach  (129  kt,  13.2  deg  a). 
The  feedback  Is  Intended  to  stabilize  the  short-period,  which  consists 
of  two  first-order  modes  for  the  basic  airplane.  As  Figure  32  shows, 
the  augmented  airplane  has  two  well-damped  second-order  modes,  and  the 
"short-period"  mode  (resulting  from  the  coupled  pitch  rate  lag  and 
1/T3p2)  is  well  within  Level  1  limits  for  damping  ratio  and  frequency. 

However,  when  this  system  was  simulated  and  flown  on  the  USAF/ 
Calspan  NT-33,  it  received  Cooper-Harper  pilot  ratings  of  8  and  9,  and 
was  considered  extremely  sluggish  with  very  heavy  control  forces. 

An  equivalent  system  match  of  the  6 /Fa  transfer  function  (see 
Figure  33)  clearly  shows  why  the  airplane  was  Level  3:  equivalent 
“sp  “  0*685  rad/sec  (with  n/a  **  3.9)  is  on  the  boundary  between  Levels  2 
and  3  on  Figure  lc;  and  rg  »  0.186  is  Level  2  by  Table  3.  What  appeared 
to  be  an  adequate  augmentation  (Figure  31)  results  in  an  airplane  that 
is  not  much  better 


Figure  32  (3. 2. 1.1).  AFTI/F-16  q  Se  Feedback  (IBU) 
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Figure  33  (3. 2. 1.1).  AFTI/F-16  0  ♦  Fg  for  IBO 
(q  ♦  5e  Closed) 

than  the  basic  F-16.  Note  that  the  equivalent  short  period  Is  lower 
than  either  oij  or  u>2  In  Figure  32  —  an  illustration  of  the  fact  that  it 
is  incorrect  to  pick  a  "dominant  root"  to  plot  on  the  Figure  1  bound¬ 
aries. 

Possible  Modifications  to  CAP 

As  noted  by  Bischoff  (Reference  268) >  the  control  anticipation  para¬ 
meter  must  be  redefined  for  aircraft  with  effective  time  delay  since 
0(0)  -  0  in  this  case.  Following  DiFranco  (Reference  9),  Blschoff 
defines,  on  the  basis  of  a  unl'c  step  stick  force  input,  a  more  general 
control  anticipation  parameter,  CAP',  as 
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where  the  maximum  pitch  acceleration  eBaXjj0g»  will  occur  sometime  after 
the  force  input  as  shown  in  Figure  34.  CAP*  is  further  extended  to  the 
short  period  lower  order  equivalent  system  model  by  defining 
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where  the  first  factor  in  parentheses  is  defined  from  the  LOES  para¬ 
meters.  This  factor  alone  does  not  give  a  good  approximation  to 
CAP'  because  the  short  period  LOES  model  will  not  generally  be  accu¬ 
rate  in  the  high  frequency  region  which  largely  determines  the  initial 
pitch  acceleration  history.  Thus  the  second  factor  is  required  where 
(®LOEs)t«T  ■  Ae  (from  the  LOES  model)  and  is  determined  numeri¬ 

cally  from  the  HOS  response  (such  as  in  Figure  34). 


Figure  34  (3.2. 1.1).  Pitch  Acceleration  Response  to  a 
Unit  Step  Force  Input 
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Reference  268  accounts  for  time  delay  explicitly  by  defining  flying 
qualitlea  Levels  in  the  CAP'  -  t  plane,  as  shorn  in  Figures  35  and  36. 
The  boundaries  shown  for  each  flying  quality  Level  were  defined  by  cor¬ 
relations  of  data  from  DiFranco  (Ref.  9),  Neal  and  Smith  (Ref.  12),  and 
the  LAHOS  study  (Ref.  5).  These  boundaries  do  seem  to  correlate  the 
data  slightly  better  than  is  achieved  using  the  present  requirement 
based  on  CAP  (compare  Figures  24  and  26).  However,  the  CAPg  parameter 
is  subject  to  all  the  limitations  for  equivalent  systems  noted  under 
"Guidance  for  Application"  in  this  section.  Hence  most  of  the  points 
that  do  not  correlate  with  CAP  or  <oSpT@2  will  also  be  missed  by  CAPg, 
and  are  missed  by  CAP'.  The  bandwidth  specification  of  Para.  3.2. 1.2 
appears  to  do  a  somewhat  better  Job  than  CAP'. 
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Figure  35.  Time  Delay  versus  CAP'  -  Neal-Smith  Data 
(from  Reference  268) 
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Figure  36.  Time  Delay  versus  CAP'  -  LAHOS  Data 
(from  Reference  268) 
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3. 2. 1.2  Pitch  axis  bandwidth  requirements 

A  REASON  FOR  REQUIREMENT 

A  measure  of  the  handling  qualities  of  an  aircraft  Is  its  stability 
margin  when  operated  in  a  closed-loop  compensatory  tracking  task.  The 
maximum  frequency  at  which  such  closed-loop  tracking  can  take  place 
without  threatening  stability  is  referred  to  as  "bandwidth"  (<iigW).  It 
follows  that  aircraft  capable  of  operating  at  a  large  value  of  bandwidth 
will  have  superior  performance  when  regulating  against  disturbances.  A 
bandwidth  criterion  is  especially  useful  for  highly  augmented  aircraft 
where  the  response  characteristics  are  non-classical  in  form  (i.e.,  have 
large  mismatch  in  equivalent  system  fits).  Although  not  restricted  to 
such  cases,  this  requirement  should  be  utilized  when  the  mismatch  be¬ 
tween  the  lower-order  and  higher-order  systems  excee  >  the  values 
defined  in  Figure  6  (3. 2.1.1).  No  assumption  of  pilot  dynamics  is 
necessary  in  applying  this  requirement,  since  any  such  assumption  would 
simply  shift  the  boundaries. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

None. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 1.2  Pitch  axis  bandwidth  requirements.  The  bandwidth  of  the 
open-loop  pitch  attitude  response  to  pitch  controller  shall  have  the 
following  characteristics:  _ • 

Recommended  limits  for  the  pitch  attitude  bandwidth  are  given  as  a 
function  of  the  parameter  Tp  (defined  in  "Rationale  Behind  Requirement") 
in  Figure  1  for  Categories  A  and  C.  No  recommendations  for  Category  B 
are  made  at  this  time. 

In  addition,  any  long-period  mode  (corresponding  to  the  classical 
phugold)  should  meet  the  equivalent  phugoid  requirements  of  3. 2. 1.1. 
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a  )  Category  A  Flight  Phases 


b)  Category  C  Flight  Phases 

Figure  1  (3. 2. 1.2).  Bandwidth  Requirements 
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D.  RATIO  KALE  BEHIND  RETIREMENT 


The  concept  of  using  bandwidth  is  not  new*  A  recent  utilization  of 
bandwidth  was  in  the  Neal-Smith  criterion  (see  Reference  12).  This  cri¬ 
terion  consists  of  an  empirical  plot  of  the  closed-loop  pitch  attitude 
resonance  l®/®c^max  va*  pHot  equalization  for  a  piloted  closure 
designed  to  achieve  a  specified  bandwidth.  Experience  with  this  cri¬ 
terion  has  shown  that  the  results  can  be  sensitive  to  the  selected  value 
of  closed-loop  bandwidth.  The  criterion  developed  herein  utilizes  the 
maximum  value  of  bandwidth  achievable  without  threatening  stability, 
thereby  removing  the  necessity  for  selecting  a  value  for  a>gW  a  pri' 

Another  criterion  utilizing  bandwidth  was  suggested  in  er- 

ence  141.  This  criterion  also  selected  a  fixed  value  of  ban  Ith 

(1  rad/sec  for  power  approach).  It  utilized  the  phase  margin,  4  1 

slope  of  the  phase  curve,  d4>/d(u,  at  the  selected  bandwidth  frequev  as 
correlating  parameters.  Again,  experience  has  shown  that  the  fixed 

value  of  bandwidth  limited  application  of  the  criterion. 

Most,  if  not  all,  familiar  handling  quality  metrics  are,  in  fact, 
related  to  bandwidth.  However,  these  metrics  tend  to  apply  for  classi¬ 
cal  aircraft  which  can  be  characterized  by  lower-order  systems.  For 
example,  the  short-term  pitch  response  of  a  classical  aircraft  is  well 
represented  by  the  familiar  short-period  approximation 


_e_  .  mf„>  +  1/Te2) 

Fes  s(s2  +  2CgpWgpS  +  w^p) 


(1) 


It  is  easily  shown  for  this  (and  similar)  transfer  function(s)  that  the 
quality  of  closed-loop  error  regulation  depends  on  the  pilot's  ability 
to  increase  the  short-period  root  (“gp)  without  driving  it  into  the 
right  half  (unstable)  plane.  As  illustrated  by  the  generic  sketches  in 
Figure  2  for  an  idealized  pilot  supplying  only  pure  delay,  aircraft  with 
low  short-period  damping  (5Sp)»  frequency  (u>sp),  or  both,  tend  to  become 
unstable  at  low  values  of  frequency  (compare  Figures  2a  and  2b) .  The 
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Idealized 

Pilot 


Short  Period 
Airframe  Dynamics 


-  TS 

Fes 

MFes(s  +  l/Tg2  )e"T*' 

K  p  C 

s(s2  +2£spiuSp  s+  uj gp  ) 

Figure  2  (3. 2. 1.2).  Simplified  Pilot  Vehicle  Closure 
for  Pitch  Control 

aircraft  of  Figure  2  is  represented  as  a  simple  short-period  vehicle  to 
simplify  the  example;  for  real  highly  augmented  aircraft,  many  more 
roots  are  involved. 

Consider  the  bandwidth  frequency  as  occurring  at  some  (for  now) 
arbitrary  margin  below  the  frequency  of  instability  (see  boxes  on  root 
locus  in  Figure  2).  It  can  be  seen  from  figure  2  that  Wgy  depends 
uniquely  on  ti)gp,  5gp,  1/Te2,  and  Tfi.  Hence,  these  familiar  flying  qual¬ 
ity  metrics  are,  in  fact,  a  measure  of  bandwidth.  Again  we  make  the 
point  that  bandwidth  is  not  a  new  idea. 

The  present  impetus  for  using  <*>BW  as  a  criterion  evolved  from 
attempts  to  develop  a  flying  quality  specification  for  aircraft  utiliz¬ 
ing  unconventional  response  modes  with  direct  force  controls  (wings- 
level  turns,  pitch  pointing,  etc.)  (Reference  115).  The  infinite 


variety  of  responses  that  could  occur  due  to  coupling  within  and  between 
axes  made  it  necessary  to  retreat  to  a  more  fundamental  metric,  which 
turned  out  to  be  bandwidth*  Strictly  speaking,  bandwidth  in  pitch 
Involves  0/0c,  a  closed-loop  describing  function  of  pilot/vehicle 
response.  Here,  however,  there  is  no  assumption  about  a  pilot  model, 
and  "bandwidth"  is  specified  in  terms  of  the  aircraft-alone  gain  and 
phase  margins. 

The  bandwidth  as  defined  for  handling  quality  criterion  purposes  is 
the  frequency  at  which  the  phase  margin  is  45  deg  or  the  gain  margin  is 
6  dB,  whichever  frequency  is  lower  (Figure  3).  Referring  to  Figure  2, 
this  describes  the  pilot's  ability  to  double  his  gain  or  to  add  a  time 
delay  or  phase  lag  without  causing  an  instability.  In  order  to  apply 
this  definition,  one  first  determines  the  frequency  for  neutral  stabil¬ 
ity  from  the  phase  portion  of  the  Bode  plot  (“jgg)*  The  next  step  is 

Bandwidth  is  the  lesser  of  two  frequencies  <*>BWpha„  an^  wBWga|n 


Figure  3  (3.2. 1.2).  Definition  of  Bandwidth  Frequency, 
From  Open  Loop  Frequency  Response 
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to  note  the  frequency  at  which  the  phase  margin  la  45  deg  (<*>135)*  This 

is  the  bandwidth  frequency  as  defined  by  phase,  uBWp}iase*  finally,  note 

the  amplitude  corresponding  to  w^gQ  and  add  6  dB.  Find  the  frequency 

at  which  this  value  occurs  on  tl  amplitude  curve;  call  it  <t)BWgain* 

The  bandwidth,  uigy,  is  the  lesser  of  0JBWpjiaae  and  a>BWgain* 

<j>Bw  “  UBW  i  »  the  system  is  said  to  be  gain-margin  limited;  that  is, 
gfl  in 

the  aircraft  is  driven  to  neutral  stability  when  the  pilot  Increases  his 
gain  by  6  dB  (a  factor  of  2).  Gain-margin-limited  aircraft  may  have  a 
great  deal  of  phase  margin,  4>M,  but  increasing  the  gain  slightly  causes 
<J»M  to  decrease  rapidly.  Such  systems  are  characterized  by  frequency 
response  amplitude  plots  that  are  flat,  combined  with  phase  plots  that 
roll  off  rapidly,  such  as  shown  in  Figure  3. 


Several  sets  of  data  were  correlated  with  bandwidth  using  the  above 
definition.  A  typical  result  is  shown  in  Figure  4  utilizing  the  data 
from  Reference  12.  While  there  is  a  definite  pilot  rating  trend  with 
a>BW*  the  scatter  for  bandwidths  between  2  and  6  rad/sec  does  not  allow  a 


Figure  4 


(3.2. 1.2). 
With 


Comparison  of  Neal-Smith 
Bandwidth  (Mean  Ratings) 


Data 


(Ref. 
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quantitative  definition  of  flying  quality  levels.  A  detailed  analy8is 
of  the  pilot/vehicle  closure  characteristics  was  made  for  Configura¬ 
tions  ID  and  21.  This  was  done  to  determine  why  these  two  configura¬ 
tions  with  nearly  equal  u>BW  would  have  such  a  large  difference  in  pilot 
ratings  (4  and  8  respectively).  The  detailed  pilot/vehicle  closures  are 
shown  in  Figures  5a  and  5b.  The  value  of  bandwidth  is  seen  to  be  about 
the  same  for  both  cases.  However,  if  the  pilot  were  to  track  very 
aggressively  by  further  increasing  his  gain  (to  operate  at  frequencies 
above  Wgy) ,  Configuration  ID  would  only  be  unstable  for  very  high  pilot 
gains,  whereas  21  would  rapidly  become  unstable  (compare  the  root  loci 
in  Figures  5a  and  5b) «  This  behavior  is  predictable  from  the  phase 
curves.  In  particular.  Configuration  ID  has  a  phase  curve  that  rolls 
off  very  gradually  at  large  values  of  frequency,  whereas  the  phase  for 
21  drops  off  rapidly  as  the  frequency  is  increased  above  u>BW.  It  is  not 
surprising  that  this  case  (21)  received  a  poor  pilot  rating  (PR  ■  8) 
considering  that  attempts  at  aggressive  tracking  result  in  a  closed-loop 
divergence.  Hence,  we  have  evidence  that  the  ability  of  the  pilot  to 
attain  good  closed-loop  regulation  without  threatening  stability  depends 
not  only  on 

1)  The  value  of  bandwidth,  u>BW, 
but  also  on 

2)  The  shape  of  the  phase  curve  at  frequencies  above 
“bw* 

rapid  rolloffs  in  phase  are  well  represented  by  a  pure  time  delay, 
e-^WT.  Accordingly,  both  of  the  key  factors  noted  above  will  be 
accounted  for  by  plotting  pilot  rating  data  on  a  grid  of  ajgy  vs.  t. 
This  is  done  for  the  Reference  12  data  (which  were  plotted  versus  u>gW 
alone  in  Figure  4)  as  shown  in  Figure  6.  The  scatter  is  seen  to  be  con¬ 
siderably  reduced  and  the  data  are  reasonably  well  separated  into  Level 
1,  2,  and  3  regions.  The  values  of  t  used  in  this  plot  were  obtained 
from  lower-order  equivalent  system  fits  of  the  higher-order  system 
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Figure  6  (3. 2. 1.2).  Correlation  of  Pilot  Ratings  with 
ttigy  and  Te  (Ref.  12  Data) 


transfer  functions  (Reference  83).  The  lower-order  equivalent  system 
form  was: 


e  (»  +  i/Te2)e"Te8 

~  “  ”2 - 7 - o  (2> 

The  zero  I/Tq^  was  fixed  at  the  aircraft  value  (see  discussion  in 

3. 2. 1.1).  But  this  criterion  is  intended  to  avoid  the  need  for  an 

equivalent  system  match,  so  a  workable  and  much  simpler  approach  is  to 
note  that  the  change  in  phase  due  to  a  time  delay  is  a  linear  function 
of  frequency,  i.e.,  A<|>  ■  tu).  To  the  extent  that  the  rolloff  in  phase 
beyond  -180  deg  can  be  attributed  to  ie  in  Eq.  2,  we  can  estimate  rfi  in 
the  vicinity  of  some  frequency  <j)j  (and  associated  phase  $j)  from: 

$1  +  180° 

TP  57.34)! 


(3) 


where  is  some  frequency  greater  than  the  frequency  for  neutral  sta¬ 
bility*  and  the  symbol  tp  represents  the  estimate  of  Te.  Correlations 
between  xg  and  Tp  for  the  combined  References  12  and  5  data  resulted  In 
a  correlation  coefficient  of  0.96.  Thus,  there  is  very  good  evidence 
that  ip  can  be  used  in  place  of  Te  in  Figure  6,  as  will  be  shown  in 
"Supporting  Data." 

E.  GDIMBCE  FOR  APPLICATION 

u)BW  and  tp  are  easily  obtained  when  the  frequency  responses  are 
available.  However,  the  frequency  responses  themselves  must  be  obtained 
from  analysis,  simulation  or  flight  test  data  —  as  in  the  case  of  the 
Reference  115  flight  test  of  Direct  Force  Control  modes.  In  that  pro¬ 
gram  it  was  found  that  excellent  frequency  responses  could  be  obtained 
by  Fast  Fourier  Transforming  flight  test  data.  In  particular,  pilot¬ 
generated  frequency  sweeps  worked  very  well.  A  typical  frequency  sweep 
and  the  resulting  Bode  plot  are  shown  in  Figures  10  (3. 2. 1.1)  and  11 
(3.2. 1.1),  respectively.  The  instrumentation  required  to  obtain  this 
data  was  minimal,  consisting  of  a  yaw  rate  gyro  and  a  pedal  position 
transducer.  Nonetheless,  the  data  must  be  manipulated  (via  a  Fast 
Fourier  Transform  computer  program),  which  is  in  a  sense  less  desirable 
than  reading  parameters  off  a  time  response. 

Responses  that  are  gain-margin- limited  tend  to  have  shelf-like  amp¬ 
litude  plots  as  shown  in  Figure  7.  With  such  systems  a  small  increase 
in  pilot  gain  results  in  a  large  change  in  crossover  frequency  and  a 
corresponding  rapid  decrease  in  phase  margin.  The  decrease  in  phase 
margin  becomes  critical  for  attitude  control  when  xp  is  moderately  large 
(of  order  0.1  to  0.2).  The  two  configurations  shown  in  Figure  7  are 
taken  from  the  Reference  5  experiment.  Applying  the  previously  dis¬ 
cussed  definition  of  bandwidth,  we  find  that  both  Configurations  5-6  and 

was  taken  as  twice  the  neutral  stability  frequency,  l«e«, 
W1  *  ^180’  Hence, 

TP  '  ~U2*180  +  180°)/(57.3  x  2(i>18q) 


Figure  7  (3. 2. 1.2).  Large  difference  in  Bandwidth  T)ue  to  Shelf 
in  Amplitude  Plot  Combined  with  Moderate  Values  of 
Tp  (configurations  of  Reference  5) 
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5-7  are  gain -margin- limited.  Both  configurations  suffer  from  the  same 
deficiency,  i.e.,  moderate  values  of  Tg  combined  with  a  shelf-like  amp¬ 
litude  curve  that  results  in  a  very  rapid  decrease  in  phase  margin  with 
small  changes  in  pilot  gain.  However,  the  6  dB  limit  selected  to 
define  “BWga£n  does  not  "catch”  Configuration  5-6.  While  this  configu¬ 
ration  is  correctly  predicted  to  be  Level  2  (PR  «  6)  on  the  basis  of  tp, 
the  value  of  u>BW  is  in  the  Level  1  region.  Had  a  slightly  higher  value 
of  gain  margin  been  picked  to  define  uigy,  the  bandwidths  for  Configura¬ 
tions  5-6  and  5-7  would  be  approximately  equal.  However,  because  of 
the  nature  of  shelf-like  frequency  responses,  there  will  always  be  a 
case  which  can  "fool"  the  criterion.  An  experienced  handling  qualities 
engineer  would  immediately  recognize  the  shelf-like  shape  and  moderate 
Tp  as  a  significant  deficiency.  However,  the  purpose  of  a  criterion  is 
to  eliminate  such  judgment  calls.  Nonetheless,  it  is  not  expected  that 
this  idiosyncrasy  will  result  in  problems  with  correlating  or  predicting 
pilot  rating  data  inasmuch  as  moderate  (Level  2)  values  of  Tp  are 
required  to  get  misleading  values  of  u>BW  (i.e.,  rapid  phase  rolloff  in  a 
frequency  region  where  the  amplitude  curve  is  flat  must  occur  to  get  the 
effect  shown  in  Figure  7). 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  values  of  Tp  and  utgW  required  to  demonstrate  compliance  with  the 
Figure  1  boundaries  are  obtained  from  open-loop  frequency  responses  of 
pitch  attitude  such  as  those  shown  in  Figures  3,  5,  and  7.  These  plots 
may  be  obtained  from  analyses  (Figure  5)  or  from  Fourier-transformed 
flight  test  or  simulator  data  such  as  was  shown  in  Figure  10  (3.2. 1.1). 
The  Air  Force  Flight  Test  Center  (AFFTC)  has  had  considerable  success  in 
Fourier  transforming  flight  test  data  taken  during  operational  tasks  (as 
opposed  to  specially  tailored  frequency  sweeps).  This  saves  flight  test 
time  and  allows  configuration  identification  at  the  flight  condition  to 
be  utilized  operationally. 

If  significant  nonlinearities  are  present  in  the  system,  the  open- 
loop  frequency  response  will  depend  on  the  size  of  the  input  used  in  the 
identification  process.  When  such  nonlinearities  are  suspected,  several 
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frequency  sweeps  should  be  accomplished  with  different  input  magnitudes* 
Data  taken  during  operational  tasks  will  implicitly  account  for  non¬ 
linear  effects  if  technically  good  data  can  be  obtained* 

G.  SUPPORTING  DATA 

The  data  from  Neal-Smith  (Reference  12)  are  compared  with  the  band¬ 
width  Category  A  requirements  in  Figure  8*  These  results  are  reasonably 
encouraging,  though  there  are  a  number  of  Level  2  ratings  at  high  values 
of  bandwidth.  The  abbreviated  pilot  comments  (taken  from  References  12 
and  160)  indicate  that  abruptness  and  oversensitivity  become  a  problem 
when  o>gW  is  large.  This  was  especially  true  of  the  Reference  160  pilot 
ratings  (given  in  parentheses  in  Figure  8).  A  possible  boundary  on  ug w 
is  shown  in  Figure  8  to  account  for  this  problem.  This  boundary  is 


Figure  8  (3.2. 1.2).  Correlation  of  Pilot  Ratings  with  iDjjy  and  Tp 
for  Neal-Smith  Data  (Category  A)  (Data  from  Reference  12, 
Ratings  in  Parentheses  from  Reference  160) 
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considered  tentative  because  the  issue  of  overresponsiveness  Is  not  com¬ 
pletely  understood  at  this  time*  A  broader  data  base  is  felt  to  be 
necessary  to  verify  the  results  concerning  an  upper  limit  on  u>gW,  so 
this  is  indicated  by  a  broken  line  on  Figure  1. 

The  evaluation  maneuvers  performed  in  the  Neal-Smith  study  included 
a  pitch-bar  tracking  test  but  did  not  have  an  actual  air-to-air  tracking 
task,  and  there  is  some  suggestion  of  acceptance  of  abruptness  when 
tracking  a  target  aircraft.  For  example,  Configuration  13  in  the  Refer¬ 
ence  12  experiments  was  rated  7  and  5.5  due  to  "excessive  sensitivity." 
However,  in  a  follow-on  experiment  (Reference  160)  with  a  target  air¬ 
craft,  Configuration  13  was  rated  a  2  on  two  separate  evaluations.  At 
first  glance  this  would  seem  to  be  an  idiosyncrasy  of  different  pilots 
in  a  different  experiment.  However,  the  target  aircraft  was  removed 
during  a  repeat  experiment  and  the  rating  went  from  2  back  up  to  7 
(see  Q  in  Figure  8). 

The  data  correlations  in  Figure  8  represent  up-and-away  flight  and 
are  appropriate  for  generating  boundaries  for  Category  A.  Data  for 
Category  C  (approach  and  landing)  may  be  found  in  Reference  5.  These 
data  are  correlated  with  ajgW  and  xp  in  Figure  9.  The  upper  boundary  on 
u>BW  for  Level  1  is  considered  tentative  for  the  reasons  discussed  above. 

The  bandwidth  criterion  was  developed  for  highly  augmented  air¬ 
planes,  and  the  data  shown  in  its  support  have  been  for  high-order  sys¬ 
tems.  Figures  10  and  11  compare  bandwidths  of  classical  (unaugmented) 
airplanes  with  pilot  ratings  obtained  in  flight  simulations.  For  Refer¬ 
ences  9,  28,  101,  and  102,  the  test  vehicle  was  the  USAF/Calspan  T-33, 
for  which  ip  »  0.07  sec  (due  to  actuation  and  feel  systems);  xp  for  the 
Reference  98  data,  a  Boeing  367-80,  is  not  known  but  is  assumed  to  be 
about  the  same. 

The  classical-airplane  data  agree  rather  well  with  the  Level  2  and  3 
boundaries,  but  for  both  Categories  A  and  C  the  Level  1  boundary  of  Fig¬ 
ure  1  appears  too  stringent.  (For  example,  in  Category  A  flight.  Figure 
la  does  not  allow  xp  greater  than  about  0.06  sec  for  Level  1;  therefore 
all  the  Figure  9  data  (for  xp  ■  0.07)  should  be  rated  Level  2  or  worse. 


10 


Figure  9  (3. 2. 1.2).  Correlation  of  Pilot  Ratings  with 
u)gW  and  T  for  Approach  and  Landing 
\Reference  5  Data) 
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Figure  10  (3. 2. 1.2).  Comparison  of  Pilot  Ratings  for  Category  A 
Short-Period  Configurations  with  Bandwidth 
(Classical  Airplanes) 


Figure  11  (3. 2. 1.2).  Comparison  of  Pilot  Ratings  for  Category  C 
Short-Period  Configurations  with  Bandwidth 
(Classical  Airplanes) 
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The  data,  however,  tend  to  aupport  a  Level  1  boundary  at  ajgy  4  rad/ 
sec,  as  shown  by  the  dashed  line.  No  rating  worse  than  4-1/2  was  given 
for  uijy  >  4.]  The  reasons  for  this  disagreement  have  not  been  resolved, 
though  the  tasks  used  for  evaluation,  as  discussed  in  3.2. 1.1,  may  not 
have  been  tight  enough  to  promote  pilot  objections  to  response  abrupt¬ 
ness  or  to  excessive  time  delays. 

No  supporting  data  are  available  at  this  time  to  establish  Cate¬ 
gory  B  boundaries. 

Somewhat  unstable  configurations,  with  no  bandwidth  at  all,  can  be 
flown  quite  safely  (see  discussion  of  Level  3  requirements  in  "Support¬ 
ing  Data"  for  Para.  3.2. 1.1).  Therefore  this  bandwidth  criterion  is  not 
sensitive  to  statically  unstable  aircraft,  and  3.2. 1.1  should  be 
applied. 

H.  LESSONS  LEARNED 

In  its  application  to  direct  force  control  modes.  Reference  115,  the 
bandwidth  criterion  was  found  to  work  in  areas  where  conventional  cri¬ 
teria  are  inappropriate.  This  is  discussed  in  more  detail  in  Para. 
3. 6. 1.2,  "Yaw  axis  bandwidth  requirements." 
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3.2.2 


Pilot-Induced  Pitch  Oscillations 


DISCUSSION 

Two  alternative  requirements  are  presented  for  this  paragraph.  The 
first,  a  new  criterion  based  upon  the  PIO  studies  of  Reference  235,  is 
given  in  Paragraph  3. 2.2.1.  It  is  the  first  specification  attempt  at 
quantifying  PIO  proneness.  The  second  requirement  (Paragraph  3.2. 2.2) 
is  a  qualitative  statement  prohibiting  PIO  tendencies,  taken  Intact  from 
MIL-F-8785C.  It  may  be  most  useful  for  the  procuring  activity  to  spe¬ 
cify  adherence  to  the  quantitative  requirement  of  3. 2.2. 1  during  pre¬ 
liminary  analysis  and  design,  and  to  apply  the  qualitative  statement  in 
3. 2. 2. 2  during  simulation  and  flight  testing. 
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3. 2.2.1  Pilot-Induced  pitch  oscillations  due  to  phase  lag 

A.  REASON  FOR  REQUIREMENT 

The  purpose  of  this  requirement  is  to  insure  that  aggressive  track¬ 
ing  behavior  will  not  result  in  instabilities  of  the  closed-loop  pilot/ 
aircraft  system. 

B.  RELATED  HIL-F-8785C  REQUIREMENT 

None. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 2. 1  Pilot-induced  pitch  oscillations  due  to  phase  lag.  The 
total  phase  angle  by  which  normal  acceleration  measured  at  the  pilot's 
location  lags  the  pilot's  pitch  control  force  input  at  a  criterion  fre¬ 
quency,  o>jj,  must  be  less  than  _ . 

Recommended  value:  The  specified  phase  angle  should  be  less 

than  180-14.3  ^  in  degrees  where  wR  is  in  radian/second.  The  cri¬ 
terion  frequency  is  defined  to  be  any  frequency  within  the  range 
1  <0^  _<  10  rad/sec  at  which  lightly  damped  (resonant)  oscillations  in 
pitch  attitude  can  result  from  turbulence  inputs  or  from  piloting  con¬ 
trol  of  the  aircraft  when  used  in  the  intended  operational  manner.  This 
requirement  should  be  waived  at  the  discretion  of  the  procuring  activity 
for  those  flight  conditions  for  which  the  ratio  of  normal  acceleration 
measured  at  the  pilot's  location  to  pitch  rate,  evaluated  at  the  cri¬ 
terion  frequency,  is  less  than  0.012  g/deg/sec. 

D.  RATIONALE  BEHIND  REQUIREMENT 

We  are  currently  in  somewhat  of  a  quandary  regarding  a  specific 
requirement  for  PIO.  It  would,  in  fact,  seem  that  the  equivalent  sys¬ 
tems  and  bandwidth  requirements  (3. 2. 1.1,  3. 2.1.2)  as  well  as  the  tran¬ 
sient  Fs/n  criterion  (3. 2.9.2)  were  specifically  formulated  to  insure 
that  piloted  closed-loop  tracking  in  the  pitch  axis  would  be  Satis¬ 
factory.  Hence,  this  requirement  seems  redundant.  However,  it  is 
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included  in  this  draft  version  of  the  proposed  MIL  Handbook  for  industry 
review  and  comment* 

The  following  discussion  of  the  proposed  criterion,  originally  pre¬ 
sented  in  Reference  235,  is  taken  from  Reference  122. 

The  PIO  theory  of  Reference  235  postulates  that  if  the  pitch  loop  is 
resonant  at  frequency  then  the  pilot  may  at  some  time  (which  cannot 

necessarily  be  predicted)  attempt  to  control  normal  acceleration  a2  to 
the  exclusion  or  near  exclusion  of  9.  According  to  Reference  235,  a  PIO 
may  occur  when  the  normal-acceleration  response  n2(jw)/nZe(jw)  (the  sub¬ 
script  e  denotes  the  error  sensed  by  the  pilot)  is  "subjectively  pre¬ 
dictable":  concentrated  about  some  resonant  frequency  within  the 

pilot's  bandwidth  of  control,  with  a  magnitude  there  above  a  threshold 
value.  This  situation  may  arise  during  pitch  target  tracking  or  as  a 
result  of  the  pitching  response  to  a  large,  abrupt  control  input,  fail¬ 
ure  transient  or  gust.  A  pilot  attempting  to  control  normal  accelera¬ 
tion  at  that  frequency  will  incite  a  PIO  if  no  phase  margin  exists 
there;  that  is,  if  the  phase  angle  of  the  n2(ju))/nZe(jw)  transfer  func¬ 
tion  is  more  negative  than  -180  deg  at  the  resonant  frequency.  Using  a 
pure  0.25  sec  time  delay  plus  gain  to  model  the  pilot,  the  stated  phase 
requirement  for  the  airplane  is  evolved.  Violation  of  the  phase  cri¬ 
terion  implies  that  if  the  pilot  switches  to  az^  control,  the  accelera¬ 
tion  loop  will  be  dynamically  unstable  and  a  PIO  will  be  initiated. 
This  paragraph  provides  the  flight  control  system  engineer  with  a  quan¬ 
titative  criterion  for  minimum  required  dynamic  performance  of  feel  and 
control  systems.  The  amplitude  criterion  of  this  paragraph  is  proposed 
as  a  quantitative  guide  for  preliminary  identification  in  the  design 
process  (airframe  or  flight  control  system)  of  those  flight  conditions 
for  which  longitudinal  PIO  is  probably  not  a  realistic  possibility.  A 
combined  threshold  is  postulated  of  maximum  acceptable  rms  pitch  rate  in 
tracking  and  minimum  a2  consciously  felt  by  the  pilot.  More  data  should 
be  collected  from  in-flight  simulation  to  establish  the  validity  of  this 
response  ratio;  the  number  selected,  0.012  g/deg/sec,  conforms  to  past 
cases  of  longitudinal  PIO  (Reference  235).  The  frequency  is,  in  dis¬ 
guise,  a  closed-loop,  pilot/vehicle  parameter.  Fortunately  it  is  also  a 
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very  physical  parameter  (pitch  loop  resonant  frequency)  that  is  readily 
understood  and  accepted.  No  method  is  given  in  the  proposed  specifica¬ 
tion  for  its  selection;  methods  for  doing  so  are  contained  in  Reference 
235.  The  frequency  «)R  can  be  readily  identified  from  flight  test. 

The  existence  of  a  significant  resonance  in  closed-loop  pitch  atti¬ 
tude  control  indicates  that  the  pilot  has  closed  the  loop  with  very 
little  phase  or  gain  margin.  It  is  difficult  to  conceive  how  such 
closures  would  occur  on  aircraft  that  meet  the  Level  2  equivalent  system 
or  bandwidth  boundaries  (Paragraphs  3. 2. 1.1  and  3. 2. 1.2,  respectively). 

E.  GUIDANCE  FOE  APPLICATION 


It  would  probably  be  an  easy  matter  for  SPO  engineers  to  ascertain 
compliance  with  this  paragraph  without  relying  on  pilot/vehicle  analysis 
methods.  For  example,  u>R  and  the  specified  phase  lag  can  easily  be 
obtained  from  simulator  or  in-flight  time  histories.  Nonetheless,  ana¬ 
lytical  estimates  can,  and  should,  be  made  by  the  airframe  manufacturer 
as  part  of  the  design  evolution. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  user  should  refer  to  Chapters  IV,  V,  and  VI  of  Reference  235 
when  applying  this  requirement. 

G.  SUPPORTING  DATA 


Reference  235  illustrated  several  examples  of  PlO-prone  aircraft. 
One  example  is  similar  to  the  YF-17  as  simulated  on  the  USAF/Calspan 
variable  stability  T-33.  The  0  and  az  transfer  functions  are  given  as 

it  P 

follows  : 


9  Kq(2)(2.3)[.44,  11.] 

Fg  "  (0)1.89,  1.98] £.7,  4.0](5) 


(1) 


*(  1/T)  -*■  [s  +  (1/T)  ] ;  ,  u]  ♦  [s2  +  2c  ids  +  w2] 
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(2) 


a  Ka  (2)  (2. 3)  [.08,  5.043  1.44,  11] 

_f£.  .  — - 

Fs  (.9)  (5. )  [.89,  1.98]  [.7,  4] 

The  following  discussion  is  quoted  from  Reference  235. 

Figure  1  is  a  Bode  plot  of  the  airplane's  pitch  attitude  dynamics 
If  we  assume  that  the  crossover  frequency  will  lie  between 
2-4  rad/sec,  then  it  is  clear  that  the  aircraft  dynamics  are  roughly  of 
the  form  IC/s  in  this  region.  As  a  rule,  dynamics  of  this  sort  will 
lead  to  lightly  damped  closed-loop  oscillations  and  degraded  pilot 
opinion  ratings.  An  Inspection  of  the  data  base  of  Reference  238  and  a 
modicum  of  iteration  suggest  that  a  reasonable  model  for  pilot  dynamics 
in  pitch  tracking  would  be 

Yp(ju>)  “  Kp(2.5ja»  +  l)e-385ja> 

A  Bode  plot  of  the  open- loop  system  dynamics  YQL  ■  Yp(0/Fg)  is  also 
shown  in  Figure  1.  Figure  1  Indicates  that  the  absolute  maximum  cross¬ 
over  frequency  with  this  Yp(j<u)  is  3*3  rad/sec.  Accordingly,  (j>c  -  2.9 
was  selected  and  is  assumed  to  be  consistent  with  what  would  be  measured 
in  actual  flight;  this  yields  a  small  phase  margin  (about  16  deg). 
Obviously,  even  small  increases  in  pilot  gain  will  rapidly  degrade  sys¬ 
tem  stability.  This  result  appears  to  be  consistent  with  the  evaluation 
pilots'  comments  about  the  poor  pitch  handling  qualities  of  this  config¬ 
uration  in  flight  tests  (Reference  165). 

The  corresponding  closed-loop  dynamics  9/9c  «  YqL  are  shown  in  Fig¬ 
ure  1  for  u>c  «  2.9.  Obviously,  the  closed-loop  system  is  extremely 
resonant  at  this  condition.  It  is  evident  by  inspection  that  the 
resonant  peak  of  9 /9 c  will  dominate  the  a2^  power  spectrum.  The  corre¬ 
sponding  damping  ratio  for  this  mode  is  approximately  0.03.  Thus,  by 
the  simplified  criterion  for  subjective  predictability,  it  must  be  con¬ 
cluded  that  PIO  cannot  be  ruled  out  on  the  basis  of  pitch  control  han¬ 
dling  qualities.  The  resonance  frequency  -  3.0  rad/sec  for  the  given 
Yp(jw).  More  pilot  lead  and  higher  gain  would  increase  somewhat. 
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Figure  1  (3.2.2. 1).  YF-17  Pitch  Attitude  Dynamics 

(from  Reference  235) 


By  the  assessment  rules  of  Reference  235,  the  analysis  must  now  pro¬ 
ceed  to  an  investigation  of  stability  of  the  az^  *  Fg  loop  when  the 

pilot's  gain  is  adjusted  to  make  wc  -  u^.  The  total  az^  +  Fg  system 

phase  ($)  versus  frequency  is  plotted  in  Figure  2  in  accordance  with  the 
rules  of  the  PIO  theory.  The  pilot  time  delay  was  assumed  to  be 
0.25  seconds.  At  w  -  3.0  we  see  that  $  -  -205  deg,  180  +  $  -  -25  deg 

(the  system  phase  margin),  and  we  see  that  the  acceleration  closed  loop 

is  unstable.  Thus,  longitudinal  PIO  can  be  initiated  provided  that  the 
pilot  attempts  to  control  az  • 
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1.0  10  20 
at  (rod /sec) 

Figure  2  (3. 2. 2.1).  YF-17  Acceleration  Control  System 

Dynamics  (from  Reference  235) 

The  ratio  |a_  /0(3.Oj)|  »  0.031  g/deg/sec.  Thus,  by  present  theory 
P 

we  would  be  justified  in  concluding  that  PIO  would  be  likely  with  this 
airplane  and  control  system. 

The  actual  normal  acceleration  dynamics  simulated  with  the  NT-33A 

yield  | a-  /0 ( 3 • 0 j )  |  «  0.0213  g/deg/sec.  This  is  about  twice  the  cri- 
P 

terion  value  of  0.012;  on  that  basis  it  can  be  concluded  that  errors  in 
the  simulation  of  az^  motion  amplitude  were  probably  of  no  consequence. 

The  PIO  frequency  and  amplitude  obtained  with  the  NT-33A  simulation 
are  unpublished.  It  is  known  from  informal  communication  between  the 
writer  of  Reference  235  and  Calspan  staff  members  that  the  PIO  frequency 
occurred  at  approximately  1/2  cps.  It  may  therefore  be  concluded  that 
this  analysis  (and,  as  a  consequence,  the  present  theory)  is  supported 
by  the  flight  test  results. 
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H.  LESSONS  LEARNED 


The  example  given  in  the  "Supporting  Data"  showed  that  the  criterion 
successfully  predicted  a  PIO.  But  what  if  we  checked  the  pitch  dynamics 
against  the  equivalent  systems  or  bandwidth  criteria  of  Paragraphs 
3. 2. 1.1  and  3.2. 1.2?  A  lower-order  equivalent  system  was  not  run  for 
the  Equation  1  dynamics.  However,  defining  the  short-period  damping  as 
0.89  (as  is  done  in  Reference  235)  may  not  be  appropriate  considering 
the  significant  number  of  higher-order  modes  that  exist.  The  bandwidth 
criterion  can  be  checked  directly  from  Figure  1  (0/Fs)  with  the  follow¬ 
ing  results: 


U)BW  *  1  .3  rad/sec 
tp  =*  0.16  sec 

Plotting  these  values  on  Figure  1  (3. 2. 1.2)  shows  that  the  aircraft  is 
very  close  to  the  Level  3  region  of  the  flying  qualities  boundary. 
Hence,  the  conclusion  that  the  aircraft  is  PIO  prone  is  not  surprising. 
In  fact,  the  resonant  peak  in  |YqL|  of  Figure  1  is  a  direct  consequence 
of  the  above  values  of  o>BW  and  Tp.  Nonetheless,  it  may  be  desirable  to 
retain  the  criteria  to  emphasize  the  notion  that  az^  may  well  be  a  key 
parameter  for  identifying  PlO-prone  aircraft.  Also  it  may  be  possible 
for  a  configuration  to  pass  the  lower-order  equivalent  system  or  band¬ 
width  criterion  and  be  caught  by  the  PIO  criterion. 
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3. 2. 2. 2  Pilot-induced  pitch  oscillations  —  qualitative  requirement 

A.  SEASON  FOR  REQUIREMENT 

There  should  be  no  tendency  toward  closed-loop  oscillations.  Any 
such  tendency  will  destroy  mission  effectiveness  and  likely  will  be 
dangerous.  This  paragraph  is  simply  a  qualitative  statement  to  cover 
the  obvious  undesirability  of  PIO  tendencies.  This  requirement  is  con¬ 
sidered  as  an  alternative  to  3. 2. 2.1. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 2. 2.  3 

C.  STATEMENT  OF  REQUIREMENT 

3. 2. 2. 2  Pilot-induced  pitch  oscillations  —  qualitative  require¬ 
ment  .  There  shall  be  no  tendency  for  pilot-induced  oscillations,  that 
is,  sustained  or  uncontrollable  oscillations  resulting  from  the  efforts 
of  the  pilot  to  control  the  aircraft.  The  pitch  attitude  response 
dynamics  of  the  airframe  plus  control  system  shall  not  change  abruptly 
with  the  motion  amplitudes  of  pitch,  pitch  rate  or  normal  acceleration 
unless  it  can  he  shown  that  this  will  not  result  in  a  pilot-induced 
oscillation. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  qualitative  requirement  of  MIL-F-8785C  is  retained  in  view  of 
uncertainties  in  the  state  of  the  art  of  flight  control  system  design* 
This  paragraph  is  a  tacit  recognition  of  the  complexity  of  the  PIO  prob¬ 
lem  and  an  admission  that  no  detailed  specification  is,  at  this  time,  a 
guarantee  against  building  a  PlO-prone  airframe/flight-control-system 
combination.  The  requirement  precludes  PIO,  PIO  tendencies  or  general 
handling  qualities  deficiencies  resulting  from  amplitude-dependent 
changes  in  aircraft  dynamic  response  to  pilot  control  Inputs.  These 
effects  can  be  of  mechanical  origin,  e.g.,  bobweights  coupled  with 
static  friction,  or  due  to  saturation  of  elements  within  the  automatic 
control  system.  PIO  has  occurred  in  the  T-38A,  A-4D,  and  YF-12  due  to 
such  abrupt  changes. 
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E.  GUIDANCE  FOR  APPLICATION 


This  paragraph  should  be  used  to  supplant  the  more  quantitative,  but 
preliminary,  requirement  of  3. 2.2.1  when  piloted  simulation  or  flight 
testing  are  to  be  conducted. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Pilot  comments  during  flight  testing  will  be  the  primary  source  of 
compliance  demonstration.  PIO  tendency  is  most  liable  to  appear  in  the 
most  demanding  tasks . 

G.  SUPPORTING  DATA 


None. 

H.  LESSONS  LEARNED 


A  very  good  summary  report  on  PIOs  is  given  in  Reference  225.  The 
following  paragraphs  from  that  reference  discuss  the  causes  of  PIOs: 

There  are  several  ways  of  looking  at  the  causes  of  a  PIO. 

One  is  to  catalog  all  the  PIO  situations  ever  recorded, 
including  all  the  necessary  subsystem  details,  etc.,  and  then 
to  say  that  each  combination  of  vehicle  and  subsystems  when 
combined  with  the  pilot  was  the  cause  of  a  PIO.  Another  way 
Is  to  note  that  certain  system  phenomena,  such  as  stick-force- 
to-control-def lection  hysteresis,  often  lead  to  PIO  when  other 
conditions  are  right  and  can  thus  cause  PIO.  A  third  way,  and 
one  which  seems  to  transcend  the  difficulties  of  the  previous 
two,  is  to  say  that  certain  inherent  human  physical  limita¬ 
tions  are  the  basic  cause  for  any  PIO.  This  is  not  to  degrade 
the  human  pilot's  role  but,  instead,  to  emphasize  it,  because 
it  is  unlikely  that  any  black-box  could  be  devised  which  is  as 
clever  and  effective  in  coping  with  unmanageable  controlled 
elements  as  a  skilled  pilot.  Were  it  not  for  the  pilot's  ver¬ 
satile  gain  adaptability,  many  flight  conditions  would  be 
unstable.  But  there  is  a  limit  to  the  rapidity  with  which  the 
human  can  adapt,  and  this  can  sometimes  lead  to  a  PIO. 

When  referred  to  the  pilot,  then,  the  basic  causes  of  PIO 
seem  to  fall  into  the  following  categories: 


192 


1.  Incomplete  pilot  equalization 

a.  Incomplete  training 

b.  Inappropriate  transfer  of  adaptation  (i.e., 
carryover  of  improper  techniques  from 
another  aircraft) 

2.  Excessive  demands  on  pilot  adaptation 

a*  Required  gain,  lead,  or  lag  lie  outside  the 
range  of  normal  capabilities 

b.  Rate  of  adaptation  is  too  slow  to  preclude 
oscillation 

c.  Inadequate  capability  to  cope  with  system 
no nl inear ities 

3.  Limb-manipulator  coupling 

a.  Impedance  of  neuromuscular  system  (including 
limb)  on  control  stick  or  pedals  changes 
feel  system  dynamics 

b.  Mot ion- induced  limb  force  feedback  (e.g., 
arm  becomes  a  bobweight) 

Table  1,  from  Reference  225,  lists  some  known  PIO  cases  and  their 
causes  for  then-current  (early  1960s)  aircraft.  The  causes  are  equally 
relevant  for  modern  aircraft,  and  the  lessons  learned  from  the  cases 
listed  are  valuable  in  preventing  PIOs.  The  reader  is  referred  to 
Reference  225  for  additional  information  on  PIOs. 


193 


r 


194 


2  Z 


4>  to  01  U 

U  3  E  <V 

k  aj  m  ix 

«  CUE 
■*-*  «  «m  (Q 

„  Vi  TJ 

§  5  a 

«J  U  Li  ^  b 

CD  M  fl>  V 
V  U  Q  V  u 

a  *h  *-t  c 

Sw  o  5 
D  ^  H 
a  X)  >  jc  oo 

0>  O  O  Q)  3 

fc.  m  o«  >  < 


OMOw>< 


3.2.3 


Residual  Pitch  Oscillations 


A.  REASON  FOR  REQUIREMENT 

The  primary  purpose  of  the  requirement  is  to  prevent  limit  cycles  in 
the  control  system  or  structural  oscillations  that  might  compromise  tac¬ 
tical  effectiveness,  cause  pilot  discomfort,  etc. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.  2.  2. 1.3 


C.  STATEMENT  OF  REQUIREMENT 


3.2.3  Residual  Pitch  Oscillations.  Any  sustained  residual  oscilla¬ 
tions  in  calm  air  shall  not  interfere  with  the  pilot's  ability  to  per¬ 
form  the  tasks  required  in  service  use  of  the  aircraft.  For  Levels  1 
and  2,  oscillations  in  normal  acceleration  at  the  pilot's  station  grea¬ 
ter  than  ±0. 02  g  will  be  considered  excessive  for  any  Flight  Phase. 
These  requirements  shall  apply  with  the  pitch  control  fixed  and  with  it 
free. 

D.  RATIONALE  BEHIND  REQUIREMENT 


This  requirement  may  be  considered  a  relaxation  of  the  requirement 
in  3.2.1  for  positive  damping  at  all  magnitudes  of  oscillation.  Its 
intent  is  to  recognize  thresholds  below  which  damping  is  immaterial. 

E.  GUIDANCE  FOR  APPLICATION 


None  required. 

F.  DEMONSTRATION  OF  COMPLIANCE 


Measurements  of  normal  acceleration  at  pilot's  station  should  be 
made  in  the  course  of  test  flight  to  meet  the  other  flying  quality 
requirements. 


f 
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C.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

Allowable  normal  acceleration  oscillations  have  been  decreased  to 
±0.02  g  from  the  ±0.05  g  of  MIL-F-8765C.  This  19  based  on  flight  test 
experience  with  the  B-l  (Reference  253),  which  encountered  limit  cycle 
oscillations  during  aerial  refueling,  subsonic  and  supersonic  cruise.  A 
primary  contributor  was  identified  to  be  mechanical  hysteresis  in  .he 
pitch  system.  According  to  Reference  253,  "Flying  qualities  were  ini¬ 
tially  undesirable  due  to  this  limit  cycle."  Normal  acceleration  tran¬ 
sients  in  cruise  were  about  +0.05  -  0.12  g,  as  Figure  1  shows.  The 
limit  cycle  was  eliminated  by  installation  of  a  mechanical  shaker 
(dither)  vibrating  at  20  Hz. 


3.2.4 


Vertical  Acceleration  at  Pilot  Station 


A.  REASON  FOR  REQUIREMENT 

The  level  of  vertical  acceleration  response  at  the  pilot  station  to 
the  pitch  controller  should  not  be  objectionably  large  or  of  a  confusing 
nature  in  terms  of  the  pilot's  perception  of  pitch  rate  response  to  a 
pitch  controller  input. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

None. 

C.  STATEMENT  OF  REQUIREMENT 

3.2.4  Vertical  Acceleration  at  Pilot  Station.  Vertical  accelera¬ 
tion  at  the  pilot  station  due  to  pitch  control  Inputs  shall  have  the 
following  characteristics:  _ . 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  is  a  new  requirement  whose  need  is  apparent,  though  insuffi¬ 
cient  information  exists  to  formulate  recommended  criteria.  Unusual 
pilot  locations  can  adversely  affect  handling  qualities.  A  prominent 
example  is  the  Space  Shuttle,  where  confusing  acceleration  cues  played  a 
part  in  pilot-induced  oscillations  encountered  during  approach  and  land¬ 
ing  tests  (Reference  241). 

E.  GUIDANCE  FOR  APPLICATION 

F.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 


There  is  not  enough  information  available  for  these  areas  at  this 


3.2.5 


Pitch  Axis  Response  to  Secondary  Controllers 


A.  SEASON  FOR  REQUIREMENT 

Operation  of  controllers  intended  for  flight  path  or  speed  control 
should  not  cause  objectionable  pitch  response  characteristics. 

B.  RELATED  MIL-F-8785C  REQUIRHtENT 

3.  6.2 

C.  STATEMENT  OF  REQUIREMENT 

3*2.5  Pitch  Axis  Response  to  Secondary  Controllers.  The  pitch 
attitude  response  to  a  rapid  change  in  secondary  cockpit  flight  control 
(throttle,  DLC,  etc.)  shall  not  exceed  the  following:  _ • 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  is  intended  to  prevent  objectionable  coupling  be¬ 
tween  controllers  designated  for  the  regulation  of  airspeed  or  flight 
path  and  pitch  attitude.  It  is  recognized  that  some  coupling  in  the 
right  direction  might  actually  be  favorable.  For  example,  a  slight 
nose-up  response  to  an  increase  in  throttle  would  improve  the  short-term 
flight  path  response  for  STOL  aircraft  operating  on  the  back  side  of  the 
power-required  curve. 

There  is  currently  insufficient  data  to  write  a  quantitative  re¬ 
quirement. 

E.  GUIDANCE  FOR  APPLICATION 

F.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 

Discussions  for  these  areas  should  be  added  as  data  become  avail¬ 
able. 
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3.2 


[Reserved] 


3.2.7  Pitch  Axis  Response  to  Other  Inputs 

3.2. 7.1  Pitch  axis  response  to  auxiliary  controls 

A.  REASON  FOR  REQUIREMENT 

This  requirement  places  a  limit  on  the  allowable  pitch  excursions 
due  to  operation  of  auxiliary  controls. 

B.  RELATED  MIL-F-8785C  REQDIRBfENT 

3.6.  3 

C.  STATEMENT  OP  REQUIREMENT 

3. 2.7.1  Pitch  axis  response  to  auxiliary  controls.  The  maximum 
allowable  pitch  response  to  any  auxiliary  control  shall  not  exceed 
_ • 

D.  RATIONALE  BEHIND  REQUIREMENT 

There  is  a  limit  to  the  amount  of  pitch  excursions  a  pilot  is  will¬ 
ing  to  accept  when  operating  auxiliary  controls.  In  this  case,  "aux¬ 
iliary"  refers  to  controls  used  for  relatively  open-loop  operations. 
This  includes  landing  gear  extension/retraction,  thrust  reversers, 
flaps,  etc.  —  devices  which  would  primarily  cause  long-term  trim 
changes.  There  is  not  enough  information  available  at  this  time  to 
recommend  limits.  However,  such  limits  may  be  written  in  terms  of  the 
control  activity  required  to  counter  the  disturbance  or  as  an  open-loop 
response  with  controls  free. 

E.  GUIDANCE  FOB.  APPLICATION 

P.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSORS  LEARNED 

No  information  is  available  at  this  time. 
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3. 2- 7. 2 


A.  REASON  FOR  REQUIREMENT 

Even  Chough  an  aircraft  may  be  flyable  in  a  failed  condition,  the 
transient  between  the  normal  and  failed  state  could  result  in  further 
flying  quality  degradation, 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 


3.4.8,  3.4.9,  3.5.5. 1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 7.2  Pitch  axis  response  to  failures 

a)  Closed-Loop:  The  pitch  attitude  motions  following  sudden 
aircraft  system  or  component  failures  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective 

action.  A  time  delay  of  at  least  _  sec  between  the 

failure  and  initiation  of  pilot  corrective  action  shall  be 
incorporated  when  determining  compliance.  No  single  fail¬ 
ure  of  any  component  or  system  shall  result  In  Level  3 
pitch-axis  flying  qualities;  Special  Failure  States 
(1.6.3)  are  excepted.  The  crew  member  concerned  shall  be 
provided  with  immediate  and  easily  interpreted  indications 
whenever  failures  occur  that  require  or  limit  any  flight 
crew  action  or  decision. 

b)  Open-Loop:  With  controls  free,  the  aircraft  motions  due 
to  partial  or  complete  failure  of  the  augmentation  system 

shall  not  exceed  the  following  limits:  _ ,  for 

at  least  _  seconds  following  the  failure. 


Recommended  values  for  the  above  requirements  are  as  follows: 

a)  Minimum  time  delay:  1  second. 

b)  Transient  motions  (within  first  2  seconds  following  fail¬ 
ure): 

Levels  1  and  2  (after  failure):  ±0.5  g  incremental  normal 
acceleration  at  the  pilot's  station,  except  that  neither 
stall  angle  of  attack  nor  structural  limits  shall  be 
exceeded.  In  addition,  for  Category  A,  vertical  excur¬ 
sions  of  5  feet. 
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Level  3  (after  failure):  No  dangerous  attitude  or  struc¬ 
tural  limit  is  reached,  and  no  dangerous  alteration  of  the 
flight  path  results  from  which  recovery  is  impossible* 

D.  RATIONALE  BEHIND  REQDIHBCENT 

Part  a)  of  the  requirement  is  taken  directly  from  Paragraphs  3.4.8 
and  3.4.9  of  MIL-F-8785C  except  that  a  minimum  value  for  time  delay  is 
called  out  in  place  of  stating  that  a  "realistic  time  delay"  shall  be 
incorporated.  A  recommended  minimum  value  of  1  second  is  consistent 
with  Para.  3. 3. 9. 3  in  MIL-F-9490D.  The  FAA  is  more  conservative  with 
hardover  failures  of  autopilot  servos,  requiring  3  seconds  before  pilot 
takeover  is  assumed.  This  time  delay  should  include  an  Interval  between 
the  occurrence  of  the  failure  and  the  occurrence  of  a  cue  such  as 
acceleration,  rate,  or  sound  that  will  definitely  indicate  to  the  pilot 
that  a  failure  has  occurred,  plus  an  additional  interval  which  repre¬ 
sents  the  time  required  for  the  pilot  to  diagnose  the  situation  and 
initiate  corrective  action. 

Part  b)  places  quantitative  limits  on  the  attitude  motions.  These 
limits  were  taken  from  Paragraph  3. 5. 5.1  of  MIL-F-8785C.  Although  the 
intent  of  the  requirement  is  to  insure  "that  dangerous  flying  qualities 
never  result,"  there  may  be  some  benefit  to  a  noticeable  transient  after 
a  failure,  or  after  transfer  to  an  alternate  control  mode  in  order  to 
alert  the  pilot  to  the  change.  That  possibility  is  left  to  the  designer 
without  explicit  direction  to  minimize  transients. 

The  revision  to  MIL-F-8785C  followed  the  recommendations  of  Refer¬ 
ence  234.  In  particular,  the  authors  noted  that  the  allowable  transient 
levels  of  MIL-F-8785B  were  consistent  with  failure  probability  consider¬ 
ations  but  not  with  flying  qualities  considerations.  Level  2  had  a 
lower  probability  of  occurrence  than  Level  1  and  was  permitted  to  have 
larger  transient  responses;  however.  Level  2  is  a  poorer  handling  quali¬ 
ties  state  and  cannot  as  readily  accept  the  larger  responses.  It  was 
felt  that  the  values  in  MIL-F-8785C  were  representative  of  transients 
which  could  be  handled  with  Level  1  flying  qualities.  Conversely,  the 
low  allowable  transients  of  MIL-F-8785B  were  conducive  to  soft  failures 
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which  could  lead  to  catastrophic  situations  if  undetected  by  the  pilot* 
This  comment  applied  to  the  B-58,  In  particular,  and  led  General 
Dynamics/Ft*  Worth  to  suggest  a  minimum  allowable  transient  (according 
to  Reference  234).  This  has  not  been  incorporated  into  the  Handbook, 
but  should  be  a  consideration  in  the  design  process. 

E.  DEMONSTRATION  OF  COMPLIANCE 

Worst-case  flight  conditions  should  be  identified  and  tested.  It  is 
expected  that  hardover  failures  occurring  at  Vmax  and  low  altitude 
(maximum  dynamic  pressure)  will  be  most  critical  in  terms  of  exceeding 
the  specified  limits.  As  a  minimum,  Failure  States  (1.6.2)  or  Special 
Failure  States  (1.6.3)  must  be  tested.  This  must  include  engine  fail¬ 
ures. 

F.  SUPPORTING  DATA 
None  available. 

G.  LESSONS  TEA  MED 

As  noted  above.  General  Dynamics/Ft.  Worth  suggested  a  minimum 
allowable  transient  to  cue  the  pilot  that  a  failure  has  occurred.  This 
was  based  on  experience  with  the  B-58. 
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3.2.7. 3  Pitch  axis  response  to  configuration  or  control  mode  change 

A.  REASON  FOR  REQUIREMENT 

Pitch  transients  due  to  intentional  mode  switching  must  not  be  j 

excessive.  j 

] 

B.  RELATED  MIL-P-8785C  REQUIREMENTS 

i 

3.5.6,  3. 5. 6.1. 

C.  STATEMENT  OF  REQUIREMENTS  AND  RECOMMENDED  VALUES 

3 . 2 . 7 . 3  Pitch  axis  response  to  configuration  or  control  mode 
change .  The  transient  motions  and  trim  changes  resulting  from  the 
intentional  engagement  or  disengagement  of  any  portion  of  the  primary 
flight  control  system  by  the  pilot  shall  be  such  that  dangerous  flying 
qualities  never  result.  With  controls  free,  the  motion  transients 
resulting  from  these  situations  shall  not  exceed  the  following  limits 

for  at  least  _  seconds  following  the  transfer: _ . 

These  requirements  apply  only  for  Aircraft  Normal  States  (1.6.1). 

Recommended  values :  Transient  motions  (within  first  2  sec 
following  transfer): 

Within  the  Operational  Flight  Envelope:  ±0.05  g  normal  accel- 
eration  at  the  pilot's  station. 

Within  the  Service  Flight  Envelope:  ±0.05  g  at  the  pilot's 
station. 

D.  RATIONALE  BEHIND  REQUIREMENT 

Since  the  intent  of  a  flight  control  system  is  to  improve  the  air¬ 
craft  response  characteristics  —  whether  measured  by  improved  flying 
qualities  or  by  increased  mission  effectiveness  —  any  system  which  can 
be  chosen  by  the  pilot  should  not  cause  noticeable  transient  motions. 

There  has  been  some  speculation  as  to  whether  a  small  transient  motion 
is  or  is  not  desirable.  The  argument  for  an  Intentional  transient  is 
that  Inadvertent  pilot  switching  of  autopilot  modes  is  less  likely  if 
accompanied  by  a  noticeable  transient  motion.  MIL-F-8785B  allowed 
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0.05  g  normal  acceleration.  This  was  increased  to  0.10  g  in  MIL-P-8785C 
in  an  apparent  effort  to  encourage  designers  to  allow  some  noticeable 
transient  (see  Reference  122).  In  the  Background  Information  and  User 
Guide  for  8785C  (Reference  122)  an  accident  was  cited  wherein  the  pilot 
inadvertently  bumped  off  the  altitude  hold  mode  (which  automatically 
disengaged  when  a  small  force  was  applied  to  the  control  column).  The 
flight  recorder  showed  a  0.04  g  transient  which  went  unnoticed  by  the 
crew,  who  were  deeply  involved  in  trying  to  lower  a  malfunctioning 
landing  gear.  However,  it  is  our  contention  that  the  undesirable 

features  of  transient  motions  due  to  mode  switching  are  significant. 
Furthermore,  a  distracted  crew  would  probably  not  notice  a  transient 
considerably  larger  than  0.04  g,  especially  if  there  is  any  turbulence 
at  all.  Therefore,  we  are  recommending  that  the  maximum  allowable 

transient  of  0.05  g  used  in  MIL-F-8785B  be  utilized  in  standards 
developed  from  this  Handbook. 

G.  GUIDANCE  FOR  APPLICATION 

No  specific  guidance  is  offered  except  that  tests  should  be  con¬ 
ducted  at  the  most  critical  flight  conditions. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Critical  conditions  will  usually  be  the  corners  of  the  expected 

operational  envelopes  (e.g.,  a  SAS  for  power  approach  should  be  switched 
at  the  highest  and  lowest  expected  airspeeds,  at  low  altitudes). 

Limited  analytical  and  ground-based  simulation  may  be  used  to  supplement 
actual  flight  testing,  especially  in  the  early  stages  of  development. 
But  flight  testing  is  ultimately  required. 

G.  SUPPORTING  DATA 

None. 

,  H.  LESSONS  LEARNED 

None. 
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3. 2. 7.4 


Pitch  axis  response  to  stores  release 


A.  REASON  FOR  REQUIREMENT 


This  requirement  is  included  to  insure  that  stores  release  will  not 
have  an  adverse  effect  on  flying  qualities. 

B.  BELATED  MIL-F-8785C  REQUIREMENT 


3.4.6 


C.  STATEMENT  OP  REQUIREMENT 

3* 2.7.4  Pitch  axis  response  to  stores  release.  The  intentional 
release  of  any  stores  shall  not  result  in  objectionable  flight  charac¬ 
teristics  for  Levels  1  and  2.  However,  the  intentional  release  of 
stores  shall  never  result  in  dangerous  or  intolerable  flight  character¬ 
istics.  This  requirement  applies  for  all  flight  conditions  and  store 
loadings  at  which  normal  or  emergency  store  release  is  structurally  per¬ 
missible. 

D.  RATIONALE  BEHIND  THE  REQUIREMENT 


This  paragraph  is  unchanged  from  MIL-F-8785C.  It  is  a  necessary 
catch-all  requirement.  Because  of  the  variety  of  possibilities,  it  must 
be  left  qualitative. 

E.  GUIDANCE  FOB  APPLICATION 

Evaluation  of^this  criterion  should  occur  as  a  natural  part  of  oper¬ 
ational  flight  testing. 

F.  DEMONSTRATION  OF  COMPLIANCE 


Operational  flight  test  will  be  necessary  for  final  demonstration. 
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C.  SUPPORTING  DATA 


None  available* 

H.  LESSORS  LEARNED 

None  available* 
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A.  SEASON  FOR  REQUIREMENT 

This  requirement  is  included  to  insure  that  armament  delivery  will 
not  have  an  adverse  effect  on  flying  qualities  that  could  impair  mission 
effectiveness . 

B.  BOATED  MIL-F-8785C  REQUIREMENT 
3. 4.  7 

C.  STATEMENT  ON  REQUIREMENT 

3.2. 7.5  Pitch  axis  response  to  armament  delivery.  Operation  of 
movable  parts  such  as  bomb  bay  doors,  cargo  doors,  armament  pods, 
refueling  devices,  and  rescue  equipment,  or  firing  of  weapons,  release 
of  bombs,  or  delivery  or  pickup  of  cargo  shall  not  cause  buffet,  trim 
changes,  or  other  characteristics  idiich  impair  the  tactical  effective¬ 
ness  of  the  aircraft  under  any  pertinent  flight  conditions.  These 
requirements  shall  be  met  for  Levels  1  and  2. 

D.  RATIONALE  BEHIND  THE  REQUIREMENT 

This  paragraph  has  remained  unchanged  in  .KIL-F-8785C  and  in  the  MIL 
Standard.  The  slight  difference  in  tone  between  3. 2.7.5  and  3. 2.7.4  is 
the  result  of  design  and  operational  experience. 

E.  GUIDANCE  FOB  APPLICATION 

This  requirement  is  similar  to  3.2. 7.4. 

F.  DEMONSTRATION  OF  COMPLIANCE 
Operational  flight  test  should  be  required. 


G.  SUPPORTING  DATA. 
None  available. 

H.  LESSONS  LEARNED 

None  available. 
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3. 2. 7. 6  Buffet 

A.  REASON  FOR  REQUIREMENT 

The  intent  of  this  requirement  is  to  prevent  the  occurrence  of 
objectionable  levels  of  buffet  in  the  course  of  operational  flight. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.4.5 


C.  STATEMENT  OF  REQUIREMENT 

3. 2. 7. 6  Buffet .  Within  the  boundaries  of  the  Operational  Flight 
Envelope,  there  shall  be  no  objectionable  buffet  which  might  detract 
from  the  effectiveness  of  the  aircraft  in  executing  its  intended  mis¬ 
sions. 

D.  RATIONALE  BEHIND  REQUIR BLENT 

It  is  not  entirely  clear  whether  this  response  occurs  in  heave  or 
pitch,  or  both.  It  has  been  included  here  since  buffet  usually  repre¬ 
sents  a  pitch  controller  cue  to  the  pilot.  A  requirement  on  buffet  must 
be  qualitative  because  of  the  varied  sources  of,  and  pilot  opinions  on, 
buffeting.  For  a  fighter  pilot,  buffet  may  be  defined  (Reference  236) 
as  "a  vibration  which  is  perceptible  to  the  pilot  to  a  degree  that 
intrudes  into  his  concentration  on  his  manoeuvring  task  and  may  inter¬ 
fere  with  the  precision  of  his  control."  In  this  regard,  the  cause  of 
the  buffeting  is  unimportant. 

E.  GUIDANCE  FOR  APPLICATION 

Clearly,  in  those  cases  where  buffet  is  a  signal  to  the  pilot  of 
approach  to  a  dangerous  flight  condition  (3. 1.7.1),  some  buffet  is 
desirable.  Reference  236  contains  a  concise  discussion  on  buffet  and 
offers  some  guidelines  on  the  acceptability  of  various  buffet  levels: 

To  the  fighter  pilot  who  knows  his  aircraft,  buffet  onset 
is  a  valuable  source  of  information  in  moments  of  intense 
activity  when  he  is  not  able  to  refer  to  his  flight  instru- 
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ments.  Of  the  many  different  buffet  level  criteria  to  be 
found •••the  following  is  a  summary  which  smooths  out  the  vari¬ 
ations*  The  "g"  values  quoted  are  [maximum  excursions  about 


trim:  ] 


Onset 

+.035 

to 

.1 

Light 

±•1 

to 

.2 

®z 

Moderate 

±.2 

to 

.6 

^z 

Severe 

±.6 

to 

1.0 

£z 

perception  depends  on  workload/ 
normal  g 

definitely  perceptible 
annoying 

intolerable  for  more  than  a  few 
seconds 


Provided  that  there  are  no  other  effects  such  as  loss  of 
full  control  or  random  aircraft  motions,  light  buffet  usually 
had  no  adverse  effect  on  manoeuvring,  either  coarsely  or  pre¬ 
cisely.  The  average  fighter  pilot  is  so  used  to  flying  in 
this  region  that  he  may  not  even  comment  on  it  at  the  lower 
amplitudes.  He  will  however  feel  annoyance  and  frustration 
when  the  buffet  characteristics  reach  the  level  where  his 
ability  to  track  his  target  is  affected;  other  effects  on  his 
performance  may  result  from  the  arm  mass  feedback  to  the  stick 
and  his  ability  to  see  the  target  or  his  cockpit  controls  and 
instruments.  At  the  intolerable  level  the  motion  becomes 
physically  punishing,  and  full  control  is  not  possible  as  a 
result  of  the  effect  of  the  buffet  on  the  pilot  himself. 

The  significance  of  buffet  in  air  combat  depends  upon  the 
task.  If  flight  in  buffet  gives  a  performance  Improvement 
then  pilots  will  use  this  region  during  the  tactical  phase  of 
combat.  Tracking  will  also  take  place  at  quite  high  buffet 
levels,  even  with  guns;  but  when  the  low  frequency,  high  amp¬ 
litude  "bouncing"  buffet  occurs  then  there  is  no  further 
advantage  to  be  gained  from  operating  in  this  region. 

F.  DEMOBS TRATIOH  OF  CCSfFLIABCE 


Flight  testing  at  elevated  angles  of  attack  and  load  factors  will 
reveal  any  buffeting  tendencies.  A  windup  turn  maneuver  while  tracking 
a  target  can  be  especially  useful  in  identifying  buffet  regions.  In 
flight,  buffet  intensity  rise  can  be  measured  with  a  wingtip  accelero¬ 
meter.  Figure  1  (from  Reference  237)  illustrates  methods  of  determining 
the  region  of  buffet  intensity  rise  from  (a)  normalized  rms  values  of 
wingtip  normal  acceleration,  and  (b)  estimations  based  on  time  history 
data. 
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a)  Normalized  RMS  Values  of  Wingtip  Normal 
Acceleration 
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b)  Time  History  of  Wingtip  Acceleration 


igure  1  (3. 2. 7. 6).  Buffet  Intensity  Rise  Determination 
(from  Reference  237) 
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C.  SUPPORTING  MIA 


None* 

H.  LESSONS  LEARNED 

None* 
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3.2.8 


Pitch  Axis  Control  Power 


3.2.8. 1  Pitch  axis  control  power  in  unaccelerated  flight 

A.  REASON  FOB.  REQUIREMENT 


This  requirement  is  intended  to  insure  that  the  pilot  can  maintain 
equilibrium  flight  throughout  the  flight  envelope. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.2.3. 1. 

C.  STATEMENT  OP  REQUIREMENT 


3.2.8. 1  Pitch  axis  control  power  in  unaccelerated  flight.  In 
steady  1  g  flight  at  all  service  altitudes,  the  attainment  of  all  speeds 
between  Vg  and  V  x  shall  not  be  limited  by  the  effectiveness  of  the 
longitudinal  control  or  controls. 

D.  RATIONALE  BEHIND  THIS  REQUIREMENT 

Controllability  at  speeds  down  to  the  1  g  stall  speed  is  generally 

deemed  necessary  for  safety  of  maneuvering  aircraft  such  as  the  military 

use.  Vmax,  the  high-speed  boundary  of  the  Service  Flight  Envelope,  must 

be  at  least  V_  ;  beyond  that,  it  may  be  set  by  the  contractor  —  who 
max 

then  must  deliver  on  his  promise. 


E.  GUIDANCE  FOB  APPLICATION 

It  is  important  to  explore  all  corners  of  the  flight  envelope.  For 
example,  adequate  pitch  axis  control  during  high-speed  dives  can  be 
critical  due  to  combined  aeroelastic  and  Mach  number  effects. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Operational  flight  test  will  reveal  any  deficiencies  in  pitch  con¬ 
trol  power. 


G.  SUPPORTING  DATA 


None  required. 

H.  LESSORS  LEARNED 

None. 
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3. 2. 8. 2  Pitch  axis  control  power  in  maneuvering  flight 

A.  SEASON  FOE  REQUIREMENT 

This  requirement  is  included  to  insure  that  the  pitch  axis  control¬ 
ler  is  sufficiently  powerful  to  produce  an  adequate  range  of  load 
factors  for  maneuvering. 

B.  BELATED  MIL-F-8785C  REQUIREMENT 
3. 2. 3. 2. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 2. 8. 2  Pitch  axis  control  power  in  maneuvering  flight.  Within 
the  Operational  Flight  Envelope,  it  shall  be  possible  to  develop,  by 
use  of  the  pitch  control  alone,  the  following  range  of  load  factors: 

_ .  This  maneuvering  capability  is  required  at  constant 

altitude  at  the  1  g  trim  speed  and,  with  trim  and  throttle  settings  not 
changed  by  the  crew,  over  a  range  about  the  trim  speed  the  lesser  of  ±15 
percent  or  ±50  kt  equivalent  airspeed  (except  where  limited  by  the 
boundaries  of  the  Operational  Flight  Envelope). 

Recommended  range  of  load  factors: 

Levels  1  and  2:  nQ(-)  to  nQ(+) 

Level  3:  n  =  0.5  g  to  the  lower  of: 

a)  nQ(+) 

b)  n  »  2.0  for  nQ(+)  <  3  g 

0.5  [nQ(+)  +  1]  for  nQ(+)  >  3  g 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  requirements  for  control  effectiveness  over  a  ±15  percent  range 
about  the  trim  speed  assure  that  excessive  amounts  of  pitch-surface- 
fixed  static  stability  or  instability  will  not  limit  maneuver  capability 
unduly,  for  any  possible  mechanization  of  the  trim  system.  Where  pitch 
control  authority  limits  normal-acceleration  capability,  the  requirement 
at  off-trim  speeds  often  will  be  the  designing  consideration  for  pitch 
control  effectiveness. 
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E.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  restricted  in  application  to  the  Operational 
Flight  Envelope  with  relaxed  requirements  for  infrequent  Failure  States. 
Outside  the  Operational  Flight  Envelope,  whatever  falls  out  of  the 
design  is  now  acceptable,  as  long  as  the  other  control  requirements  are 
met.  The  Level  3  requirement  assures  modest  nose-down  and  nose-up  con¬ 
trol  capability  for  stabilization  as  well  as  for  altering  equilibrium 
and  maneuvering. 

F.  DEMONSTRATION  OF  COMPLIANCE 
Operational  flight  test  should  be  required. 

G.  SUPPORTING  DATA 
None  required. 

H.  LESSONS  LEARNED 
None  available. 
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3. 2. 8. 3  Pitch  axia  control  power  In  takeoff 

A.  REASON  FOR  REQUIREMENT 

This  requirement  Is  Intended  to  regulate  against  aircraft  that 
exhibit  no  apparent  pitch  response  to  commands  during  the  takeoff  roll 
until  the  flying  speed  Is  reached  (Vmin).  These  aircraft  tend  to  "pop 
off,"  resulting  In  overrotation  and  a  necessity  for  Immediate  control 
reversal  to  avoid  stall. 

B.  RELATED  KIL-F-8785C  REQUIREMENT 
3. 2. 3. 3. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 2. 8. 3  Pitch  axis  control  power  In  takeoff.  The  effectiveness  of 
the  pitch  control  shall  not  restrict  the  takeoff  performance  of  the  air¬ 
craft.  Satisfactory  takeoffs  shall  not  be  dependent  upon  use  of  the 
trim  controller  during  takeoff  or  on  complicated  control  manipulation  by 
the  pilot.  It  shall  be  possible  to  obtain  and  maintain  the  following 
attitudes  _  during  the  takeoff  roll. 

The  recommended  attitudes  are  as  follows: 

•  For  nosewheel  aircraft  It  should  be  possible  to 
obtain  at  0.9  Vfflin  the  pitch  attitude  that  will 
result  in  a  liftoff  at  ^min* 

•  For  tallwheel  aircraft  it  should  be  possible  to  main¬ 
tain  any  pitch  attitude  up  to  that  for  a  level  thrust 
line  at  0.5  Vg  for  Class  I  aircraft  and  at  Vg  for 
Classes  II,  III,  and  IV. 

These  requirements  should  be  met  on  hard  surface  runways.  In  the  event 
that  the  aircraft  has  a  mission  requirement  for  operation  from  unpre¬ 
pared  fields,  these  requirements  should  be  specified  to  be  met  on  such 
fields. 
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D.  RATIONALE  BEHIND  REQUIREMENT 


This  requirement  is  based  on  operational  experience  which  has  shown 
that  the  ability  to  control  pitch  attitude  to  achieve  the  proper  atti¬ 
tude  for  liftoff  before  Vmin  is  necessary  for  acceptable  flying  quali¬ 
ties. 

K.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  more  important  for  single-engine  aircraft  or  any 
multi-engine  aircraft  which  have  equal  to  or  less  than  Vfflin.  For 
multi-engine  aircraft  where  VMCA  >  Vmin»  the  requirement  could  be 
relaxed  to  °*9  VMCA* 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  ability  to  comply  with  this  requirement  should  be  obvious  during 
operational  flight  test.  Special  emphasis  should  be  placed  on  short- 
field  takeoffs  at  the  maximum  forward  center-of-gravity  limit. 

The  requirement  for  takeoff  from  unprepared  fields  Is  included  on 
the  basis  of  a  rational  analysis.  All  aircraft  will  have  to  operate 
from  hard-surface  runways,  and  therefore  hard  surfaces  were  used  as  the 
basic  requirement.  An  increased  coefficient  of  friction,  however,  such 
as  occurs  with  unprepared  fields,  increases  the  elevator  effectiveness 
required  for  nose-wheel  aircraft  but  decreases  the  effectiveness 
required  of  tail-wheel  aircraft,  as  can  be  seen  from  the  sketches  in 
Figure  1. 

Assume  first  that  the  tails  of  both  aircraft  are  adequately  sized  to 
achieve  the  takeoff  attitude  on  a  hard-surfaced  runway  (low  p).  Then  on 
a  soft  runway  (higher  p),  the  increased  rolling  friction  force  gives  a 
nose-down  pitching  moment  about  the  aircraft  c.g.  which  helps  lift  a 
tail  wheel  but  hinders  lifting  a  nose  wheel.  Nose-wheel  lift-off  speed 
will  increase  monotonically  with  increasing  p,  approaching  the  speed  for 
takeoff  in  the  ground  attitude.  But  tail-wheel  lift-off  speed  will 
decrease  with  increasing  p  until  just  the  application  of  takeoff  thrust 
will  rotate  the  aircraft  at  zero  speed.  Then  a  different  technique 
would  be  required. 
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G.  SUPPORTING  ORTA 


None  required . 

H.  LESSORS  LEARNED. 

Single-engine  propeller-driven  airplanes  with  a  T-tail  have  been 
deficient  in  terms  of  nosewheel  rotation  prior  to  liftoff.  As  a  result, 
pilot  acceptance  is  very  poor.  Takeoff  performance  over  an  obstacle  has 
been  demonstrated  to  be  considerably  worse  in  one  T-tail  aircraft  than 
in  an  identical  aircraft  with  a  conventional  horizontal  tail.  This  has 
been  attributed  to  delayed  liftoff  due  to  inability  to  rotate  to  the 
takeoff  attitude  prior  to  Vmin*  The  root  cause  of  the  problem  lies  in 
the  fact  that  the  horizontal  tail  is  out  of  the  propeller  wake.  Multi- 
engine  airplanes  which  are  not  normally  lifted  off  until  VMCA  (which  is 
usually  above  Vmin)  do  not  have  as  strong  a  requirement  for  nose  rota¬ 
tion  at  0.9  As  an  indication,  multi-engine  airplanes  with  T-tails 

have  generally  been  found  to  be  acceptable  to  pilots. 

The  requirement  is  important  for  turbojet  aircraft  where  relatively 
large  pitch  attitudes  are  required  for  liftoff. 
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3. 2. 8. 4  Pitch  axis  control  power  In  landing 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  insures  that  the  aircraft  can  be  pitched  up  suffi¬ 
ciently,  in  ground  effect,  to  achieve  the  guaranteed  minimum  landing 
speed.  It  also  insures  that  the  nosewheel  or  tailwheel  can  be  gently 
lowered  to  the  ground  during  landing  rollout. 

B.  RELATED  MIL-P-8785C  REQUIREMENT 


3.  2.  3.  4. 


C.  STATEMENT  OF  REQUIREMENT 

3. 2. 8. 4  Pitch  axis  control  power  in  landing.  The  pitch  control 
shall  be  sufficiently  effective  in  the  landing  Flight  Phase  in  close 
proximity  to  the  ground  so  that  _  » 


It  is  recommended  that  the  following  requirements  be  placed  on  pitch 
control  during  landing  flare  and  rollout  with  the  aircraft  trimmed  for 
the  minimum  recommended  approach  speed  not  to  exceed  1.3  Vg(L): 

•  The  geometry  limited  touchdown  attitude  can  be 
achieved  at  touchdown. 

•  The  guaranteed  minimum  landing  speed  [Vm-  (L)]  can  be 
achieved  when  flaring  from  shallow  (f  “  -3°)  and 
steep  (Y  a  -6°)  approaches. 

•  The  nosewheel  can  be  gently  lowered  to  the  ground  at 
speeds  down  to  0.9  vrain(L). 

•  For  tailwheel  aircraft,  the  tailwheel  can  be  gently 

lowered  to  the  ground  at  0.5  vm^n(L)  for  Class  I  and 
0.75  for  Classes  II,  III,  and  IV. 

D.  RATIONALE  BEHIND  REQUIREMENT 


This  requirement  is  to  insure  adequate  pitch  control  during  flare 
and  rollout  in  ground  effect.  Elevator  effectiveness  can  be  severely 
degraded  in  ground  effect  due  to  a  decrease  in  downwash  caused  by 
presence  of  the  ground  plane. 
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A  shallow  approach  Is  specified  Co  eliminate  the  possibility  of  per¬ 
forming  most  of  the  flare  out  of  ground  effects  Steep  approaches  are 
also  required  as  they  tend  to  result  in  firmer  touchdowns,  making  it 
difficult  to  keep  the  nosewheel  from  slamming  to  the  ground  (at  forward 
c.g«  flight  conditions), 

E.  GUIDANCE  EON  APPLICATION 

No  particular  guidance  is  deemed  required  except  to  note  that  the 
maximum  forward  c*g.  (regardless  of  weight)  defines  the  critical  flight 
condition, 

F.  DEMONSTRATION  OF  COMPLIANCE 

Demonstration  of  compliance  should  be  concentrated  at  the  extreme 
forward  c,g«  loadings, 

G.  SUPPORTING  DATA 
None  required, 

H.  LESSONS  LEARNED 

The  Mitsubishi  MU-2  (a  twin-engine  turboprop)  is  well  known  for  a 
rapid  pitchover  immediately  at  touchdown.  Service  difficulties  with 
flight  instruments  and  avionics  are  felt  to  be  a  result  of  the  resulting 
high  shock  environment. 
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3. 2. 8. 5  Pitch  axis  control  power  for  other  conditions 

A.  REASON  FOR  REQUIREMENT 


This  catch-all  specification  is  intended  to  assure  adequate  pitch 
control  power  in  any  situation  not  already  covered  in  the  Standard. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.4.10 


C.  STATEMENT  OF  REQUIREMENT 


3. 2.8.5  Pitch  axis  control  power  for  other  conditions.  Control 
authority,  rate  and  hinge  moment  capability  shall  be  sufficient  to 
assure  safety  throughout  the  combined  range  of  all  attainable  angles  of 
attack  (both  positive  and  negative)  and  sideslip.  This  requirement 
applies  to  the  prevention  of  loss  of  control  and  to  recovery  from  any 
situation  for  all  maneuvering,  including  pertinent  effects  of  factors 
such  as  regions  of  control-surface-fixed  instability,  inertial  coupling, 
fuel  slosh,  the  influence  of  symmetric  and  asymmetric  stores,  stall/ 
post-stall/spin  characteristics,  atmospheric  disturbances  and  Aircraft 
Failure  States  (maneuvering  flight  appropriate  to  the  Failure  State  is 
to  be  included).  Consideration  shall  be  taken  of  the  degrees  of  effec¬ 
tiveness  and  certainty  of  operation  of  limiters,  c.g.  control  malfunc¬ 
tion  or  mismanagement,  and  transients  from  failures  in  the  propulsion, 
flight  control  and  other  relevant  systems. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  other  paragraphs  falling  under  3.2.8,  as  well  as  3.8.4  and 
3.8.5,  cover  all  normal,  anticipated  situations  for  pitch  control  power. 
This  paragraph  is  added  to  cover  any  unusual  or  unspecified  conditions 
that  might  be  encountered  in  flight.  Hinge  moments  affect  actuator 
rate,  and  can  even  limit  control  deflection.  And  they  are  hard  to  esti¬ 
mate  accurately.  Without  careful  attention  in  design,  these  limitations 
can  result  in  unwanted  feedback  to  the  cockpit  controls.  Control  prob¬ 
lems  are  compounded  on  a  surface  used  in  more  than  one  axis,  e.g.,  col¬ 
lective  stabilizer  for  pitch,  differential  stabilizer  for  roll.  At  the 
high  dynamic  pressure  responsible  for  high  hinge  moments,  aeroelasticity 
may  be  a  factor. 
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E.  GUIDANCE  FOR  APPLICATION 


Due  to  its  broad  generality  the  requirement  should  be  applied  for 
all  phases  of  analysis,  simulation,  and  flight  test.  Excessive  stabil¬ 
ity,  as  well  as  excessive  instability  of  the  basic  airframe,  is  of  con¬ 
cern  with  respect  to  available  control  authority  and  rate. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Conditions  which  the  procuring  activity  considers  too  dangerous  to 
investigate  in  flight  should  be  investigated  by  analysis,  model  testing 
and  simulation  as  appropriate.  For  example,  aircraft  not  required  to  be 
designed  structurally  for  spinning  should  not  be  spun,  but  models  of 
them  might  profitably  be  spun  in  free  flight  or  a  spin  tunnel;  certainly 
wind-tunnel  studies  should  investigate  deep  stall  characteristics, 
whether  or  not  flight  demonstration  will  proceed  past  a  full  stall.  The 
scope  of  analysis,  simulation  and  testing  needs  careful  consideration  at 
the  outset  of  a  program.  Then  the  design  must  be  monitored  for  possible 
additional  troubles  with  controllability,  and  any  necessary  changes  made 
in  the  demonstrating  program. 

It  is  not  the  intent  of  this  requirement  to  add  unreasonably  to  the 
risk  of  a  flight  test  program.  It  _is_  the  intent  to  assure  that  danger¬ 
ous  conditions  are  found  before  the  aircraft  gets  into  operational  use. 

G.  SUPPORTING  DATA 
None  required. 

H.  LESSONS  LEARNED 
None  required. 
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3.2.9 


Pitch  Axis  Control  Forces 


DISCUSSION 

This  section  contains  the  control  force  gradients  and  limits  to  be 
applied  to  the  pitch  controller.  As  a  word  of  introduction,  several 
points  must  be  made  which  are  applicable  to  all  the  force  requirements 
of  this  section: 

•  In  general,  the  force  requirements  of  MIL-F-8785C 
are  unchanged.  This  is  due  in  part  to  lack  of 
good,  valid  test  data  to  justify  changes,  even  if 
anecdotal  information  should  suggest  such  a  change 
is  warranted. 

•  The  requirements  should  be  considered  to  be  strin¬ 
gently  applicable  to  male  pilots  only.  There  is 
almost  no  available  data  for  setting  requirements 
for  female  pilots;  a  limited  amount  of  data, 
reviewed  below,  suggests  considerably  lower  limits 
would  be  needed.  This  of  course  presents  a 
dilemma  in  setting  limits  for  aircraft  expected  to 
be  routinely  operated  by  both  male  and  female 
pilots. 

•  Maximum  forces  specified  appear  in  most  cases  to 
be  quite  large  for  weaker  male  pilots  for  continu¬ 
ous  operation. 

•  Effects  of  stick  (or  wheel)  geometry  and  position 
on  maximum  force  capabilities  are  not  explicitly 
covered  in  any  of  the  requirements,  though  it  is 
obvious  that  control  location  will  affect  maximum 
attainable  forces.  This  can  be  seen  in  the  dis¬ 
cussion  that  follows. 

In  a  review  of  past  research,  Lockenour  (Reference  6)  discussed  the 
effect  of  stick  location  on  push  and  pull  capabilities  (Figure  1),  and 
the  effect  of  upper  arm  angle  on  push  and  pull  strength  for  the  5th  and 
95th  percentile  male  (Figure  2).  The  data  shown  in  these  figures  are 
from  Reference  256  for  male  Air  Force  personnel  in  the  sitting  position. 
As  described  in  Reference  6  these  data  show  that: 
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a)  Physical  Layout  for  Stick  Force  Tests  of  Reference  256 
(stick  !3  '4  inches  above  Seat  Reference  Point) 


O  Ref.  257,  Maximum  Strength 
Capability  (5th  percentile, men 
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b)  Maximum  Push  Capability  (tb) 


c) Maximum  Putt  Capability  (tb) 


figure  1  (3.7. 9).  Fffect  of  Arin/Stick  Geometry  oi  Maximum 
Push  and  Pull  Capability  by  the  Right  Arm  for  the 
5th  Percentile  Male  (Reference  256) 
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a)  Physical  Layout  b)  Upper  Arm  Angle  vs. 

Maximum  Strength 


Figure  2  (3.2.9).  Effect  of  Upper  Arm  Angle  on  Pull  and  Push  Strength 
for  the  5th  and  95th  Percentile  Male  (Reference  256) 


...one's  maximum  force  capability  is  not  symmetric 
left  and  right  and  varies  by  about  a  factor  of  two  for 
forward  and  aft  stick  positions ... .pull  and  push 
strength  differ  significantly  and... the  5th  and  95th 
percentile  male  strengths  differ  by  as  much  as  a  fac¬ 
tor  of  three. .. .Certainly  a  given  stick  force  at  the 
grip  will  feel  heavier  to  the  pilot  for  aft  stick 
positions.  Also  one  must  be  very  careful  in  correlat¬ 
ing  the  acceptability  of  stick  forces  for  various  air¬ 
craft  to  include  the  effect  of  stick  location  and 
maximum  stick  deflection.  For  instance,  the  F-5A 
stick  deflection  is  greater  than  that  of  the  A-7D  by 
more  than  a  factor  of  2.  This  places  the  stick  in  a 
different  location  in  the  cockpit  for  maximum  deflec¬ 
tion. 

A  more  recent  study,  Reference  257,  presents  a  comparison  between 
male  and  female  strength  characterise ics  for  operating  an  aircraft  con¬ 
trol  stick.  Table  1  summarizes  the  percentiles  for  maximum  forces 
exerted  by  61  men  and  61  women  on  an  aircraft  control  stick  during  a 
4  second  static  exertion  with  the  right  hand  only.  The  5th  percentile 
values  of  men  and  women  from  these  tests  are  also  shown  in  Figure  1  for 
comparison . 
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TABLE  1  (3.2.9).  MAXIMUM  FORCES  EXERTED  ON  AIRCRAFT  CONTROL 
STICK  (LBS)  BY  MEN  AND  WOMEN  (REFERENCE  257 


CONTROL 

STICK 

DIRECTION 

MEN 

WOMEN 

PERCENTILE 

PERCENTILE 

5th 

50th 

95th 

5th 

50th 

95th 

Stick  Forward 
(Push) 

93 

123 

165 

46 

87 

109 

Stick  Back 
(Pull) 

64 

85 

106 

48 

52 

_ 

64 

It  can  be  seen  that  the  strength  capabilities  of  men  are  greater 
than  that  of  women:  i.e.,  the  95th  percentile  woman  has  approximately 
the  same  performance  as  the  5th  percentile  man.  As  Reference  257 
observes,  the  force  limits  in  this  Handbook  "may  not  be  consistent  with 
the  capabilities  of  pilots." 

Figure  3  shows  data  from  Reference  256  illustrating  the  effect  of 
wheel  angle  on  maximum  push  and  pull  capability  for  the  5th  percentile 
male.  The  data  are  again  for  male  Air  Force  personnel,  using  the  right 
arm  only;  the  wheel  grips  are  18  inches  above  the  Seat  Reference  Point 
(SRP)  and  15  inches  apart.  Figure  3a  shows  the  various  wheel  angles  and 
positions  from  the  SRP.  The  greatest  push  and  pull  capability  occurs  at 
the  furthest  position  of  the  wheel  where  the  pilots'  entire  arm  is  used. 
This  can  be  seen  in  Figure  3b  where  the  push  capability  at  23-1/4  inches 
from  the  SRP  is  approximately  twice  that  obtained  when  the  control  wheel 
is  at  it3  closest  at  10-3/4  inchee  from  the  SRP.  Similarly  the  maximum 
pull  capability  varies  almost  by  a  factor  of  2  in  Figure  3c  depending  on 
the  control  wheel  angle  and  position. 

It  must  be  stressed  that  these  are  maximum  forces  in  single  appli¬ 
cations;  clearly,  continuous  operation  (such  as  would  be  expected  in 
meeting  any  of  the  force  requirements  in  the  MIL  Standard)  would  produce 
much  lower  maximum  forces.  In  a  discussion  of  some  general  principles 
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Figure  3  (3.2.9).  Effect  of  Arm  Position  and  Wheel  Angle  on 
Maximum  Push  and  Pull  Capability  by  the  Right  Arm  for 
the  5th  Percentile  Male  (Reference  256) 


of  control  design,  and  one-  vs,  two-handed  operations.  Reference  256 
states  that: 


For  controls  requiring  single  applications  of  force, 
or  short  periods  of  continuous  force,  a  reasonable 
maximum  resistance  Is  half  of  the  operator's  greatest 
strength.  For  controls  operated  continuously,  or  for 
long  periods,  resistances  should  be  much  lower... 
Controls  requiring  large  forces  should  he  operated 
with  two  hands  (which,  for  most  controls,  about 
doubles  the  amount  of  force  that  can  be  applied) 
depending  on  the  control  type  and  location  and  on  the 
kind  and  direction  of  movement  as  follows: 

When  two  hands  are  used  on  a  stick. ..  .located 
along  the  body  midline,  pull  is  generally  almost 
doubled.  Push  is  doubled  near  the  body  but  is  only 
slightly  stronger  at  distances  away  from  the  body.... 

When  two  hands  are  used  on  stick. .. .controls 
located  on  either  side  of  the  body  midline,  at  or 
beyond  the  shoulder,  pull  is  approximately  doubled, 
push  is  not  greatly  increased  except  at  close  dis¬ 
tances  . . . 
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3.2.9. 1  Pitch  axis  control  forces  —  steady-state  control  force  per  g 

A.  SEASON  FOE  REQUIREMENTS 

These  requirements  relate  to  the  classical  "stick-free"  static 
maneuvering  stability  (stick  force  per  g,  Fg/n)  at  approximately  con¬ 
stant  speed.  The  basic  premise  is  that  Fg/n  represents  a  necessary  tac¬ 
tile  cue  for  elevated  values  of  load  factor.  Low  values  of  Fg/n  result 
in  excessive  sensitivity  with  a  tendency  toward  exceeding  the  airplane 
structural  limits.  High  values  lead  to  pilot  fatigue  during  maneuvering. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3. 2. 2. 2,  3. 2. 2. 2.1 

C.  STATEMENT  OF  REQUIREMENTS  AND  RECOMMENDED  VALUES 


3. 2. 9.1  Pitch  axis  control  forces  —  steady-state  control  force 

Per  s- 

a)  Control  Feel  and  Stability  in  Maneuvering  Flight  at  Con¬ 
stant  Speed.  In  steady  turning  flight  and  in  pullups  and 
pushovers  at  constant  speed,  for  Levels  1  and  2  there 
shall  be  no  tendency  for  the  aircraft  pitch  attitude  or 
angle  of  attack  to  diverge  aperiodically  with  controls 
fixed  or  with  controls  free.  For  the  above  conditions, 
the  incremental  control  force  required  to  maintain  a 
change  in  normal  load  factor  and  pitch  rate  shall  be  in 
the  same  sense  (aft  -  more  positive,  forward  -  more  nega¬ 
tive)  as  those  required  to  initiate  the  change.  These 
requirements  apply  for  all  local  gradients  throughout  the 
range  of  service  load  factors  defined  in  1.5.2. 

b)  Control  Forces  in  Maneuvering  Flight.  At  constant  speed 
in  steady  turning  flight,  pullups  and  pushovers,  the 
variations  in  pitch  controller  force  with  steady-state 
normal  acceleration  shall  have  no  objectionable  non- 
linearities  within  the  following  load  factor  ranges: 


CLASS 

MIN. 

MAX. 

I,  11  &  III 

0.5 

0.5[nQ(+)  +  1]  or  3 

IV 

0 

Lesser  of  Class  I,  II, 
and  III  maximums 
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Outside  this  range,  a  departure  from  linearity  result¬ 
ing  In  a  local  gradient  which  differs  from  the  average 
gradient  for  the  maneuver  by  more  than  50  percent  is 
considered  excessive,  except  that  larger  Increases  in 
force  gradient  are  permissible  at  load  factors  grea¬ 
ter  than  0.85  n^.  The  local  force  gradients  shall  be: 

_ .  In  addition,  Fg/n  should  be  near  the 

Level  1  upper  boundaries  of  these  gradients  for  combina¬ 
tions  of  high  frequency  and  low  damping.  The  term  gra¬ 
dient  does  not  include  that  portion  of  the  force  versus  n 
curve  within  the  breakout  force. 

For  side  stick  controllers,  the  contractor  shall  show  that 
the  control  force  gradients  will  produce  suitable  flying 
qualities. 


Recommended  limits  are  given  in  Table  1. 

D.  RATIONALE  BEHIND  REQUIREMENTS 


The  requirements  for  control  forces  in  maneuvering  flight  are 
unchanged  from  MIL-F-8785C. 

It  was  decided  that  the  major  differences  in  the  desired  maneuver¬ 
ing  forces  between  fighter  aircraft  and  transports  are  due  to  the  type 
of  controller,  in  addition  to  aircraft  Class.  The  effects  of  aircraft 
class  (really  a  grouping  of  types  of  missions)  seem  to  be  adequately 
described  by  limit  load  factor,  through  the  K/(nL  -  1)  formulas  of 
MIL-F-8785C.  In  addition,  however,  there  are  several  arguments  for  hav¬ 
ing  different  maneuvering  forces  for  centerstick  and  wheel  controllers. 
For  example,  the  lower  limits  on  maneuvering  forces  must  be  higher  with 
a  wheel  control  because  the  pilot's  arm  is  usually  unsupported;  whereas 
the  pilot  has  very  good  vernier  control  with  a  centerstick  even  with 
light  forces  because  his  forearm  is  partially  supported  on  his  thigh. 
In  any  case,  pilots  seem  to  agree  that  they  cannot  maintain  the  preci¬ 
sion  of  control  with  a  wheel  that  they  can  with  a  stick,  and  that  the 
maneuvering  control  forces  should  be  higher  for  the  wheel. 

There  is  some  evidence  (References  3  and  24)  that  Fg/n  at  very  low 
n/a  can  or  should  be  higher  than  at  high  n/o.  This  is  possibly  due  to  a 
gradual  change  from  concern  with  load  factor  and  structural  protection 
at  high  n/a  to  concern  with  control  of  pitch  attitude  alone  at  low  n/a. 
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TABLE  1  (3.2.9. 1).  PITCH  MANEUVERING  FORCE  GRADIENT  LIMITS 


a)  Center  Stick  Controllers 


LEVEL 

MAXIMUM  GRADIENT 

(Fs/n)  ,  lb/g 

8  max 

MINIMUM  GRADIENT 
(Fs/n)min*  lb/g 

1 

240/ (n/a) 

but  not  more  than  28.0 
nor  less  than  56/(nL-l)  * 

The  greater  of 
21/(nL  -  1) 

and  3.0 

2 

360/ (n/a) 

but  not  more  than  42.5 

nor  less  than  85/(nL~l) 

The  greater  of 
18/(nL  -  1) 

and  3.0 

3 

56.0 

The  greater  of 

12/(nL  -  1) 
and  2.0 

*For  nL  <  3,  (Fs/n)max  ts  28.0  for  Level  1,  42.5  for  Level  2. 


b)  Wheel  Controllers 


LEVEL 

MAXIMUM  GRADIENT 

(Fs/n)  ,  lb/g 

°  max 

MINIMUM  GRADIENT 
<FA/n).lD-  lb/* 

1 

500/ (n/a) 

but  not  more  than  120.0 

nor  less  than  120/(nT-l) 

.. 

The  greater  of 
35/(nL  -  1) 

and  6.0 

2 

775/ (n/a ) 

but  not  more  than  182.0 
nor  less  than  182/(nL~l) 

The  greater  of 

30/ (nL  -  1) 
and  6.0 

3 

240.0 

5.0 
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Specification  of  forces  in  the  form  of  limits  on  Fg/a  at  low  n/a  can  be 
accomplished  by  making  the  Fs/n  limits  vary  inversely  with  n/a,  as  can 
be  seen  from  the  following  constant-speed  relation: 


a  n  a 


On  the  basis  of  these  considerations,  the  upper  limits  on  Fs/n  were 
expressed  in  the  form  K/(n/a)  at  low  n/a  and  K/(nL  -  1)  at  high  n/a, 
with  separate  requirements  for  stick  and  wheel  controllers*  On  the 
basis  of  long  experience  with  unpowered-control  airplanes,  which  tend  to 
have  Fg/n  invariant  with  airspeed,  the  lower  boundaries  do  not  vary  with 
n/a. 

However,  there  is  some  question  as  to  the  significance  of  the 
References  3  and  24  tests*  These  references  are  discussed  in  detail 
under  "Supporting  Data." 

E.  GUIDANCE  FOR  APPLICATION 

To  illustrate  the  use  of  the  gradient  limits  of  Table  1,  Figures  1 
and  2  show  possible  boundaries  for  two  representative  aircraft.  Fig¬ 
ure  1  is  for  a  centerstick  controller  with  nL  -  7.0;  Figure  2  is  for  a 
wheel  controller  with  nL  *  3.0«  Similar  plots  may  be  constructed  for 
any  aircraft  using  the  Table  1  formulas.  However,  such  plots,  while 
representing  the  Table  1  suggested  limits,  do  not  convey  the  entire  pic¬ 
ture,  as  illustrated  by  the  following  considerations. 

Effects  of  stick/wheel  position  on  acceptability  of  Fg/n  are  not 
covered  by  these  requirements.  But  it  seems  intuitively  obvious  that 
there  must  be  an  interrelationship  of  force  and  deflection  gradients 
with  control  location.  See  the  discussion  for  3.2.9  for  more  informa¬ 
tion  on  this  subject. 

Another  item  for  consideration  is  the  allowance  in  Table  1  for  con¬ 
siderably  higher  values  of  Fg/n  when  n/a  is  low.  The  data  found  to  both 
support  and  refute  the  change  in  dependence  from  to  n/a  is  discussed 
in  detail  under  "Supporting  Data."  However,  in  terms  of  applying  the 
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requirement  at  low  speed  this  question  is  really  academic.  When  operat¬ 
ing  in  low-speed,  high-angle-of-attack  flight,  the  limiting  factor  may 
be  not  the  gradient  but  merely  the  maximum  stick  force  at  C i  .  For 
example.  Figure  3  (from  Reference  7)  illustrates  the  variation  of  Fg/n 
with  airspeed  for  the  OV-lOA  aircraft.  This  variation  is  due  to  the 
effects  of  the  elevator  spring  tab.  The  gradients  shown  are  well  within 
the  Level  1  requirements  of  Table  1.  However,  as  airspeed  decreases, 
maximum  attainable  load  factor  (n)  also  decreases.  So  the  apparently 
large  and  rapid  change  in  Fg/n  actually  results  in  fairly  constant  maxi¬ 
mum  stick  force  at  stall  (Figure  4).  Therefore,  while  the  high-speed 
criterion  for  specifying  Fg/n  is  structural  protection  (n^),  at  low 
speeds  normal  load  factor  will  produce  stall  before  nL  is  exceeded.  It 
follows  that  the  incremental  force  between  the  trimmed  airspeed  and 
stall  (or  at  the  boundary  of  the  operational  flight  envelope)  becomes 
the  important  factor  at  speeds  below  "maneuvering  speed"  (VA).  Maneu¬ 
vering  speed  is ,  of  course,  defined  when  stall  occurs  at  the  limit  load 
factor  (see  Figure  3). 

A  more  basic  consideration  relative  to  Table  1  is  the  complete 
absence  of  a  force  gradient  specification  for  sidestick  controllers, 
reflecting  in  part  the  limited  data  base.  However,  References  8  and  166 
based  on  a  series  of  flight  tests  conducted  by  students  of  the  USAF  Test 
Pilot  School  at  the  Air  Force  Flight  Test  Center,  Edwards  AFB,  give  some 
insight  into  preferred  gradients.  These  data  are  plotted  in  Figure  5 
and  are  based  on  an  air-to-air  tracking  task.  The  test  aircraft  was  the 
USAF/Calspan  variable  stability  T-33  with  a  T-38A  utilized  as  the  tar¬ 
get.  The  pilot  ratings  shown  are  the  average  over  three  pilots,  all 
with  fighter  experience.  An  approximate  Level  1  boundary  is  suggested 
in  Figure  5.  In  general,  the  Fg/n  range  is  comparable  to  that  of  Table 
1,  i.e.,  2-14  lb/g.  The  relatively  weak  frequency  dependence  may  also 
exist  for  centerstick  controllers,  although  there  are  no  data  to  support 
this. 

Note  that  the  Fg/n  gradients  in  Figure  5  are  the  initial  values; 
the  mechanization  was  such  that  the  slope  at  larger  deflections  was  half 
the  initial  slope.  The  .eakout  forces  were  1/2  lb.  Reference  8  sug¬ 
gests  that  the  sidestick  neutral  position 
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Figure  3  (3. 2. 9.1).  OV-10A  Maneuvering  Control 
(Reference  7) 
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Figure  4  (3. 2. 9.1).  Longitudinal  Stick  Force  at  Stall 

(Reference  7) 
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□  Phase  I  Ref.  166  )  Varied  Fs/8  and  wSp  at  fixed  values 
O  Phase  I  Ref.  166  j  of  Fs/n  -  plotted  best  Fs/8 

<$>  Ref.  8  Varied  a>sp  and  Fs/n  with  Fs/S  fixed 


i _ i 

Notes : 

•  Gross  Acquisition  Task 

•  Csp  =  0.7 

•  h  =  15,000  ft 


Short  Period  Frequency,  wsp  ( rad /'oec  ) 


Figure  5  (3. 2. 9.1).  Short  Period  Frequency  vs.  Longitudinal 
Stick  Force  Per  g  (Fs/$  Separately  Optimized) 


...be  oriented  so  that  in  wings-level  unaccelerated  flight 
the  pilot  need  never  move  his  wrist  further  aft  than  5-7° 
forward  of  vertical  to  command  maximum  permissible  load 
factor* . .  • 

Available  data  would  tend  to  support  a  neutral  position  of 
10°  to  17°  forward  of  vertical  and  8°  to  12°  left  (in¬ 
board)  of  vertical ••• .A  pilot  adjustable  armrest  is  abso¬ 
lutely  mandatory,  and  its  design  can  influence  pilot 
acceptability  as  much  as  any  other  parameter. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  following  discussion  is  concerned  with  the  flight  testing 
aspects  of  determining  control  force  characteristics.  However,  at  the 
discretion  of  the  procuring  activity,  a  valid  moving-base  piloted  simu¬ 
lation  may  be  used  in  proof-of-concept  ctages. 

There  are  several  methods  for  obtaining  the  required  control  force 
data.  The  best  method  to  use  depends  primarily  on  the  speed  range  under 
consideration.  A  major  factor  in  determining  the  appropriate  method  for 
a  given  speed  range  is  that  load  factor  control  gradients  are  defined 
for  constant  speed.  The  method  selected  must  therefore  result  in  zero 
or  small  speed  changes  with  n,  or  at  least  include  a  means  for  eliminat¬ 
ing  the  effects  of  any  speed  changes.  At  speeds  where  characteristics 
vary  significantly  with  Mach  number,  "speed"  should  be  interpreted  as 
"Mach  No"  since  that  then  is  the  primary  pilot  reference. 

One  method  is  to  use  a  series  of  alternating  symmetric  pullups 
and  pushovers,  sequenced  so  as  to  minimize  the  airspeed  and  altitude 
changes.  The  control  is  held  fixed  after  each  input  until  the  short¬ 
term  motion  becomes  steady  3tate,  and  measurements  are  taken  at  a  near- 
level  attitude.  An  alternate  version  of  this  method  is  to  stabilize 
the  airplane  holding  various  amounts  of  out-of-trim  control  force  in 
straight  flight,  then  suddenly  release  the  control  and  measure  the 
resulting  normal  acceleration  increment. 

Another  method  is  to  perform  a  series  of  stabilized  tuns  after 
trimming  the  aircraft  in  level  flight.  The  load  factor  can  be  changed 
by  changing  the  bank  angle,  and  the  airspeed  held  constant  by  using  a 
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different  rate  of  descent  for  each  load  factor.  The  throttle  and  trim 
controller  should  be  left  at  their  trim  settings  throughout  the  maneuver 
to  minimize  the  possibilty  of  introducing  extraneous  pitching  moments. 
The  gradients  obtained  in  this  manner  will  not  be  quite  as  linear  as 
with  the  symmetric  pullup  method  because  of  the  difference  in  pitch  rate 
between  pullups  and  turns  (see,  e.g..  Reference  2).  But,  with  the  pos¬ 
sible  exception  of  a  more  stable  slope  near  1  g  in  the  turns,  the  dif¬ 
ferences  are  generally  small  enough  to  be  within  the  measurement  errors. 

A  third  method  that  is  sometimes  used  involves  a  windup  turn. 
After  trimming  in  level  flight,  a  turn  of  a  certain  number  of  g's  is 
initiated,  and  the  speed  is  allowed  to  decrease  slowly  as  the  g-level 
and  altitude  are  held  constant.  The  test  is  then  repeated  at  several 
other  g-levels  until  the  complete  range  is  covered.  In  this  way,  con¬ 
trol  gradient  data  can  be  obtained  rapidly  for  several  speeds.  Again, 
the  trimmer  and  throttle  should  be  left  at  the  trim  settings  and  the 
rate  of  change  of  airspeed  controlled  by  changing  the  rate  of  descent. 
The  major  disadvantage  of  this  method  is  that  it  is  less  accurate  be¬ 
cause  more  careful  pilot  technique  is  required. 

In  general,  the  symmetric  pullup  method  will  work  well  at  high 
speeds,  but  the  airspeed  changes  will  be  excessive  if  the  method  is  used 
at  low  speeds.  On  the  other  hand,  the  turn  methods  work  well  at  low 
speeds,  but  can  cause  excessive  altitude  changes  at  high  speeds.  Also, 
it  is  impossible  to  obtain  data  for  n  less  than  1.0  using  turn  methods. 

G.  SUPPORTING  DATA 

The  data  base  for  verifying  control  force  requirements  is  sparse, 
and  limited  entirely  to  Class  IV  airplanes.  The  most  thorough  data  sets 
are  derived  from  USAF/Calspan  T-33  flight  tests  in  which  pilots  chose 
optimum  values  of  Fg/n  for  varying  short-period  characteristics.  How¬ 
ever,  the  useful  information  is  basically  a  byproduct,  since  the  intent 
of  these  tests  was  the  study  of  short-period  frequency  and  damping.  So, 
while  specific  conditions  can  be  found  for  which  £sp  and  <ogp  fell  within 
Level  1  boundaries,  they  were  not  held  constant,  and  subsequent  pilot 
ratings  could  reflect  an  interrelationship  of  CSp»  <*>Sp>  and  Fg/n. 
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addition,  control  force  breakout  may  not  have  been  within  the  Level  1 
limits  of  MIL-F-8785C  for  the  tests;  breakout  is  not  documented  in  any 
of  the  supporting  references  except  in  Reference  12,  where  it  is 
reported  to  be  zero. 

References  9  and  10  contain  data  used  in  Reference  11  to  support 
the  Fg/n  limits  of  MIL-F-8785B.  More  recent  tests  (References  5  and  12) 
add  to  the  data  base  for  centerstick  controllers.  Reference  13  provides 
some  insight  into  requirements  for  wheel-type  controllers. 

Figure  6  compares  values  of  "optimum"  Fg/n  from  Reference  9  with 
the  requirements  of  Table  1.  In  this  test  program  gradients  were 
selected  before  performing  evaluation  tasks,  and  were  held  constant 
throughout  each  evaluation.  The  external  parameters  (csp,  wsp,  1/Te2, 
xe)  are  all  within  Level  1  limits,  but  may  vary  widely.  While  there  is 
considerable  scatter,  pilot  ratings  increase  (degrade)  as  Fg/n  in¬ 
creases.  However,  a  much  lower  (F_/n)_a„  (»  6.5  for  Level  1)  than  the 

s  max 

specification  upper  limit  is  indicated. 


Stick  Force  Grodient,  Fs/n(lb/g) 


Figure  6  (3.2.9. 1).  Comparison  of  Optimum  Fg/n  with  Limits  of 
Table  1  (Reference  9,  Category  A;  n^  =  7  g) 
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Data  from  Reference  10  (for  "front-aide"  and  "bottom"  operations 

only)  are  shown  in  Figure  7.  A  much  higher  range  of  Fs/n  was  chosen  for 

these  (Category  C)  tests  —  again,  by  the  pilots  at  the  start  of  each 
evaluation*  These  data  were  used  as  support  for  the  adoption  of  n/ot- 
dependence  on  in  Reference  11.  However,  the  goal  of  the 

experiments  was  again  to  investigate  short-period  dynamics  and  not  Fs/n 
influences,  so  there  is  no  single  "constant"  in  the  data*  In  addition, 
the  task  consisted  of  an  instrument  landing  approach  until  2  miles 
from  the  runway;  visual  approach  to  the  threshold;  and  wave-off  at 

25-100  ft*  There  is  evidence  (e.g..  Reference  5)  that  requiring  a  full 
approach  through  landing  (wheels  on  runway)  can  produce  quite  different 
results  than  with  a  waveoff  and  go-around*  This  may  be  the  reason  that, 

of  the  18  data  points  on  Figure  7,  only  three  have  PR  >  4  -  generally 

less  scatter  than  one  might  expect.  (This  will  become  clear  when  the 
Reference  5  data  are  introduced*) 

The  objective  of  the  flight  test  program  of  Reference  12  was  also 
an  analysis  of  effects  of  short-period  variations  (in  this  case,  through 
addition  of  higher-order  lead/lag  networks).  Again,  choice  of  "optimum" 
Fg/n  was  up  to  the  pilots,  and  was  specified  before  the  rest  of  the 
evaluation  task  was  performed.  The  data  of  Figure  8  are  for  only  those 
configurations  where  4e,  we,  1/Tqs>  and  te  are  Level  1,  based  upon  equi¬ 
valent  system  matches  and  requirements.  The  data  support  the  lower 
limits,  but  again  suggest  a  smaller  upper  limit.  Generally,  the  pilot 
ratings  are  Level  2  for  Fg/n  >  6  lb/g. 

The  LAHOS  program  of  Reference  5  consisted  of  the  most  stringent 
set  of  tasks  flown.  Pilots  were  required  to:  a)  fly  an  instrument 
approach  to  within  200  ft  of  the  runway,  followed  by  a  visual  landing; 
b)  fly  two  visual  landings  with  an  intentional  offset  on  close  final; 
and  c)  land  precisely  at  a  marked  location  on  the  runway.  These  are 
clearly  tight  tasks  requiring  aggressive  control  actions  by  the  evalua¬ 
tion  pilots.  A  key  difference  between  the  Reference  5  program  and  that 
of  Reference  10  was  pilot  selection  of  Fg/n:  initial  selection  was  made 
at  the  start  of  a  run,  but  the  gradient  could  be  changed  at  any  time 
during  the  run  at  the  pilot's  request.  The  range  of  Fg/n  chosen  by  the 


243 


Pilot  Ro1ing(CAL  tcole) 


Figure  7  (3. 2. 9.1).  Comparison  of  Optimum  Fs/n  with  Limits  of  Table  1 
(Reference  10,  Category  C;  hl  =  3  g) 


Figure  8  (3.2.9. 1).  Comparison  of  Optimum  Fg/n  from  Data  of 
Neal  and  Smith  (Reference  12)  with  Limits  of  Table  1 
(Category  A;  nL  =  7  g) 


244 


piloCs  (Figure  9)  is  similar  to  that  of  Figure  7.  (As  before,  only 
those  data  for  which  5e,  u>e,  1/Tg^,  and  xe  are  Level  1  are  shown.) 

The  pilot  rating  data  of  Figures  6,  7,  8,  and  9  are  compiled  in 
Figure  10.  (For  clarity,  the  ratings  have  been  averaged  over  1  lb/g 
"slices"  of  Fg/n,  to  reduce  the  number  of  points  shown.  Standard  devia¬ 
tions  are  also  indicated.)  Very  few  "optimum"  gradients  less  than 
3  lb/g  were  chosen.  The  gradients  chosen  tend  to  coalesce  around 
3-7  lb/g  —  except  those  for  References  5  and  10,  which  are  for  Cate¬ 
gory  C  operations.  As  discussed  in  "Guidance  for  Application,"  the  real 
issue  at  very  low  n/a  may  not  be  Fg/n  anyway,  but  (Fs^max  at  stall. 

At  this  point  the  only  conclusion  to  be  drawn  from  Figure  10  is 
that  there  is  a  definite  preference  for  low  stick  force  gradients,  be¬ 
tween  about  3  and  4  lb/g  in  Class  IV  airplanes.  In  addition,  the  over¬ 
all  range  of  selected  gradients  is  small  (except  as  noted  above  for 
References  5  and  10),  4-12  lb/g.  This  of  course  could  be  a  function  of 
other  factors,  such  as  short-period  frequency  and  damping  or  stick  dis¬ 
placement  or  location. 

The  wheel-controller  data,  from  Reference  28,  are  shown  in  Fig¬ 
ure  11.  Both  fixed  and  pilot-selected  gradients  were  tested  on  the 
USAF/Calspan  T-33,  but  there  appear  to  be  no  rating  differences.  While 
the  data  are  sparse,  they  indicate  mild  support  for  the  Table  1  upper 
limit  for  Level  1.  Within  the  Level  1  limits,  20  points  out  of  27  are 
rated  3-1/2  or  better;  outside  the  upper  limit,  5  out  of  6  have  ratings 
greater  than  3-1/2. 

Two  other  data  sources,  References  3  and  24,  were  studied  briefly 
for  any  additional  information  on  an  n/a-dependence.  Reference  3  is  a 
fixed-base  simulator  study  utilizing  a  sidestick  (modeled  after  the 
X-15  sidestick)  with  nonlinear  deflection  characteristics.  The  tasks 
generally  were  low-demand  (including  pilot-initiated  disturbances)  or 
required  flying  through  rough  air.  It  is  felt  that  pilot  preference  in 
a  fixed-base  simulator  may  not  reflect  the  real-world  situation  where 
the  pilot  is  more  conscious  of  the  potential  of  overstreasing  the  air¬ 
plane. 
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Pilot  Rating  ^  Pilot  Roting  ( Cooper- Horper) 


.gure  9  (3. 2. 9.1).  Comparison  of  Optimum  Fs/n  from  LAHOS  (Reference  5) 
Data  with  Limits  of  Table  1  (Category  C;  n^  =  7  g) 
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Figure  10  (3, 2. 9.1).  Average  Pilot  Ratings  for  1-lb/g 
Segments  of  Fs/n 
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LEVEL  2 


Pilot  Roting 


Figure  11  (3.2.9. 1).  Comparison  of  Fg/n  with  Limits  of  Table  1, 
Wheel  Controllers  (Reference  28,  Category  A;  nL  ■  3  g) 

Reference  24  involved  simulation  of  the  C-5A  with  a  B-26  in-flight 
simulator.  Wheel  travel  was  considered  by  the  three  evaluation  pilots 
to  be  excessive.  As  a  result,  pilot  ratings  for  both  the  unaugmented 
and  augmented  vehicle  were  poor,  as  summarized  in  the  following  conclu¬ 
sion: 

On  the  basis  of  the  three-pilot  sample  as  a  whole,  there 
is  little  conclusive  evidence  as  to  the  relative  desir¬ 
ability  of  the  two  stick  forces  per  g  evaluated.. 

..Pilot  A  most  clearly  indicated  the  desirability  of  the 
higher  value  (158  lb/g) ,  particularly  in  the  unaugmented 
case.  Pilot  B  felt  that  this  value  was  a  bit  high,  but 
acceptable;  Pilot  C  preferred  the  low  value  of  106  lb/g. 

The  bottom  line  of  this  discussion  is:  the  supportive  data  neces¬ 
sary  to  fully  validate  a  set  of  requirements  for  Fg/n  do  not  seem  to 
exist.  It  is  felt  that  the  requirements  of  Table  1,  which  are  unchanged 
from  MIL-F-8785C  and  little  changed  from  MIL-F-8785B,  will  serve  as  a 
preliminary  guide  for  controller  design  since  nothing  better  is  avail¬ 
able.  Ultimately  a  set  of  criteria  might  be  devised  in  vrtiich  displace¬ 
ments,  gradients,  and  locations  of  the  controllers  are  all  interdepen¬ 
dent  —  as  they  must  be  in  real  life. 
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H.  LESSORS  LEASHED 


Much  of  Che  available  information  on  existing  vehicles  suggests 
that  the  lower  limits  of  Fg/n  for  wheel  controllers  may  be  too  high.  A 
number  of  aircraft  fail  to  meet  the  requirements;  for  some  that  do, 
extended  operations  lead  to  pilot  fatigue.  For  example.  Figure  12  (from 
Reference  14)  summarizes  elevator  control  force  gradient  characteristics 
for  the  C-5A,  C-141A,  YC-141B,  and  the  L-1011  for  Category  B  at  forward 
and  aft  center  of  gravity  conditions.  This  summary  shows  that  the 
L-1011  complies  with  the  maximum  and  minimum  control  force  gradient 
requirements  but  that  the  C-5A  and  C-141A/YC-141B  do  not.  The  C-5A  at 
forward  c.g.  compares  favorably  with  the  Level  1  maximum  values;  how¬ 
ever,  the  gradients  at  aft  c.g.  fall  below  the  Level  1  and  Level  2 
boundaries.  The  C-141A/YC-141B  data  slightly  exceed  the  Level  1  maximum 
limit  at  forward  c.g.  Pilot  comments  for  the  C-141A/YC-141B  support  the 
maximum  boundary.  However,  C-5A  comments  do  not  support  the  aft  c.g. 
minimum  boundary.  The  minimum  boundary  for  Level  1  requirements  appears 
to  be  too  high  in  this  instance. 

Results  from  simulation  and  flight  tests  of  different  stick  force 

gradients  on  the  B-l  bomber  (Reference  15)  are  summarized  in  Table  2. 

The  pertinent  findings  were:  1)  that  a  minimum  Fg/n  of  7-8  lb/g  for 

Level  1  was  acceptable  for  an  airplane  with  nL  ■  3  g  [where,  by  Table  1, 

(F_/n)  *  10.5  lb/g];  and  b)  that  F  /n  as  low  as  17  lb/g  was  too  high 

min  3 

for  terrain-following  flight,  based  upon  pilot  fatigue.  The  conclusions 
suggest  that  acceptable  values  of  Fg/n  are  task-dependent  (or  time- 
dependent),  though  a  relaxed  lower  limit  alone  might  suffice.  The 
acceptability  of  both  minimum  and  maximum  value  of  Fg/n  may  be  directly 
related  to  workload:  e.g.,  high  gradients  may  be  undesirable  if  the 
pilot  is  required  by  the  task  to  divert  his  attention  or  to  track 
tightly  in  the  presence  of  atmospheric  disturbances.  Low  gradients  in 
an  emergency  situation  may  lead  to  overcontrol. 
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Figure  12  (3. 2. 9.1).  Elevator  Control  Force  Gradients  for  Transport 
Aircraft  (from  Reference  14) 
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TABLE  2  (3. 2. 9.1) 


B-l  EXPERIENCE  WITH  STICK  FORCE  GRADIENTS 
(From  Reference  15) 

Consolidated  pilot  comments  -  based  on  flight  simulator 
tests 

•  21  lb/g  Level  1  minimum  is  too  high  for  2  g  air¬ 
craft. 

•  7-8  lb/g  Level  1  minimum  is  good  design  guide  for 
3  g  aircraft. 

•  3  lb/g  minimum  should  be  maintained  for  failure 
modes 

B-l  terrain  following  flight  pilot  comments 

•  17  lb/g  too  high  based  on  fatigue: 

Meets  n^  =  3  requirements 

-  Below  nL  =  2  requirements 

•  Over  rugged  terrain  -  10  minutes  is  tiring 

•  Composite  terrain  -  2  pilots  sharing  task 

Short  task  -  30  minutes 

-  Medium  task  -  1  hour 

-  Long  task  -  2  hours 

Many  Class  I  (general  aviation)  aircraft  tend  to  fall  around  and 
below  the  minimum  Fg/n  requirements.  Figure  13  compares  various  air¬ 
craft  in  landing  configurations  (gear  and  flaps  extended)  with  the 
wheel-controller  requirements  of  Table  1.  The  data  were  obtained  from 
References  16  and  254.  Fg/n  limits  are  drawn  for  nL  =  3.8  (Federal 
Aviation  Regulations  requirements  for  Normal  category  operations)  and 
nL  =  2.0  (the  limit  specified  for  most  of  the  aircraft  in  landing  con¬ 
figuration).  With  the  single  exception  of  the  Cessna  177,  none  of  the 
aircraft  of  Figure  13  meet  the  nL  =  2.0  (Fg/n)  ^  requirement  at  aft 
c.g.  The  seven-aircraft  study  of  Reference  16  resulted  in  a  range  of 
19  <  Fg/n  <  45  lb/g  for  acceptable  gradients  for  Normal  category 
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Figure  13  (3. 2. 9.1).  Comparison  of  Fg/n  for  Various  Class  I 
Aircraft  in  Landing  Approach  (Category  C)  with 
Limits  of  Table  I 


251 


operations  (see  Figure  13).  No  information  is  available  on  what  was 
considered  unsatisfactory,  though  5  lb/g  was  considered  to  be  too 
light:  "these  low  gradients  allowed  the  limit  load  factor  to  be  at¬ 
tained  too  easily." 


i 
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3. 2. 9. 2  Pitch  axis  control  forces  —  transient  control  force  per  g 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  accounts  for  the  possibility  that  stick  force  per  g 
for  high-frequency  inputs  may  be  reduced  considerably  below  the  steady- 
state  limits  set  in  Para.  3. 2. 9.1.  Such  reduced  values  of  Fg/n  may  lead 
to  pilot-induced  oscillations.  This  requirement  is  intended  to  prevent 
such  an  occurrence. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 
3. 2. 2. 3.1,  3. 2. 2. 3. 2. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 2. 9. 2  Pitch  axis  control  forces  —  transient  control  force  per  g. 
The  buildup  of  control  forces  during  maneuver  entry  must  not  lag  the 
buildup  of  normal  acceleration  at  the  pilot's  location.  In  addition, 
the  frequency  response  of  normal  acceleration  at  the  pilot  station  to 
pitch  control  force  input  shall  have  the  following  characteristics: 


The  following  values  are  recommended: 


MINIMUM  Fg/n  AT  ANY  FREQUENCY 
GREATER  THAN  1  RAD/ SEC 
(Units  are  lb/g) 


Level  1  Level  2  Level  3 


One-handed  controllers 


Two-handed  controllers 


14  12  8 

nL  -  1  nL  -  1  nL  -  1 

30  25  17 

nL  -  1  nL  -  1  nL  -  1 
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D.  RATIOHALE  BEHIND  REQUIREMENT 


Bobweighta  tend  Co  alter  the  phasing  between  the  pilot's  force 
inputs  to  the  stick  and  the  resulting  stick  motion.  For  an  aircraft 
which  obtains  all  of  its  Fg/n  (steady-state)  from  a  bob  weight,  for 
instance,  the  stick  can  be  moved  with  essentially  zero  force  to  initiate 
a  rapid  pull-up.  As  the  n  response  develops,  the  bobweight  then  tries 
to  pull  the  stick  back  to  neutral,  thus  requiring  that  the  pilot  add 
increasing  forces  to  hold  the  control  input.  This  means  that  the  stick 
position  leads  the  control  force  by  a  considerable  amount  at  moderately 
high  frequencies.  If,  in  addition,  the  damping  of  the  control  system 
itself  is  low,  the  pilot  will  feel  the  stick  constantly  slapping  against 
his  hand  during  rapid  maneuvering.  Requirements  have  thus  been  set  on 
controls-free  damping  in  terms  of  dynamic  Fg/n  and  feel  system  phasing. 

The  requirements  concerning  (ugp,  Cap»  and  Fg/n  will  normally  be 

sufficient  to  insure  adequate  maneuvering  characteristics.  In  certain 

situations,  however,  these  requirements  alone  will  not  insure  against 

pilot-induced  oscillations.  Consider,  for  example,  an  aircraft  that 

meets  the  Level  2  requirements  on  u>gp,  5gp,  and  Fs/n  for  Category  A 

Flight  Phases.  If  both  5gp  and  Fg/n  are  near  the  lower  limits,  the 

aircraft  can  have  pilot-induced  oscillation  (PIO)  tendencies  serious 

enough  to  make  it  unacceptable.  The  requirements  listed  above  are 

designed  to  prevent  this  situation,  by  setting  an  upper  limit  on  the 

frequency-response  amplitude  of  n(s)/Fg(s)  [expressed  as  a  lower  limit 

on  Fa(s)/n(s)].  This  has  the  effect  of  increasing  the  minimum  Fg/n 

requirements  of  3. 2.9. 1  for  low  values  of  (stick-free),  as  can  be 

sp 

seen  by  examination  of  Figure  1.  The  dip  in  amplitude  corresponds  to 


the  short-period  resonance;  and  the  size  of  the  dip,  expressed  as  the 

ratio  (F_/n) /(F-/n)  .  ,  is  a  unique  function  of  (stick-free)  (assum- 
°  min  SP 

ing  that  the  control-system  natural  frequency  is  appreciably  higher 
than  uigp).  This  functional  relationship  is  shown  in  Figure  2.  From 
this  figure  it  can  be  seen  that  Fg/n  must  increase  rapidly  with  decreas- 


order  to  maintain  a  given  value  of 
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It  should  be  understood  that  If  the  control  system  natural  frequency 
is  not  appreciably  higher  than  t*>8p  (stick-free),  the  frequency  response 
Fs(s)/n(s)  will  not  be  entirely  second-order  In  the  region  of  (Fa/n)m^n* 
If  the  control  system  damping  Is  not  very  high,  as  is  usually  the  case, 
the  resonance  dip  can  be  accentuated  by  the  control  system  mode,  as  can 
be  seen  from  Figure  3.  In  this  situation,  an  equivalent  C__  (stick- 

sp 

free)  can  be  obtained  from  Figure  2  by  measurement  of  (F8/n)/(F8/n)m^n. 
That  value  may  not  be  the  same  as  obtained  by  fitting  a  lower-order  sys¬ 
tem  to  the  actual  frequency  response.  For  this  requirement  the  actual 
<Vn>min  should  be  used. 


log  uj  — 


Figure  3  (3. 2. 9. 2)  Sketch  of  Effect  of  Control 
System  on  Resonant  Dip 

E.  GUIDANCE  FOR  APPLICATION 

The  requirements  stated  above  are  intended  to  inhibit  development  of 

longitudinal  PIOs.  However,  to  the  extent  that  (F./n)  .  is  defined  by 

°  rain 

C__,  the  requirement  is  redundant;  i.e..  Figure  2  is  defined  by  F_/n  and 

8p  9 

?ap  when  the  control  system  natural  frequency  <o's  is  well  above  the 

short-period  frequency  “sp •  Using  the  Figure  2  relationship  between  C8p 

and  (F„/n) /(F_/n)  .  ,  the  Level  1,  2,  and  3  boundaries  of  (Fa/n)  . 

°  min  rain 

have  been  superimposed  on  the  Fg/n  and  Cap  requirements  from  Paragraphs 


f 


3.2. 1.1  and  3.2.9. 1  for  a  7  g  airplane.  The  shaded  areas  in  Figure  4 

indicate  regions  where  the  (Fs/n)  requirement  is  not  redundant.  It  is 

noteworthy  that  dynamic  Fs/n  is  not  a  consideration  for  Level  1  but  has 

Increasing  influence  for  Levels  2  and  3,  respectively.  Lightly  damped 

control  system  or  structural  modes  that  occur  near  the  short-period 

frequency  will  of  course  increase  the  influence  of  the  (F8/n)min  re~ 

quirement,  i.e.,  the  (Fa/n)  boundaries  in  Figure  4  will  have  a  ten- 

min 

dency  to  shift  to  the  right. 


Equivalent  Damping  Ratio,  £sp 

Figure  4  (3. 2. 9. 2).  Comparison  of  (Fa/n)  Boundaries 

min 

with  <fs/n)88  and  Cgp  for  Cases  Where  o>8p  «  u>cg 
(Reference  9) 
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The  T-33  test  program  of  Reference  9  Involved  pilot  assessments  of 
various  short-period  configurations  in  Category  A  Flight  Phases*  The 
pilots  were  allowed  to  select  optimum  Fg/n  values  before  evaluating  each 
configuration.  These  data  are  plotted  on  Figure  A,  which  shows  there 
was  some  preference  for  increasing  Fg/n  as  Cgp  decreased.  [These 
data  are  discussed  in  more  detail  below  under  "Supporting  Data."] 
The  (Fa/n)  .  boundaries  plotted  in  Figure  4  tend  to  correlate  this 
rating  behavior. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Testing  is  required  with  the  aircraft  configured  for  most  aft  c.g., 
since  this  is  the  condition  for  lowest  Fg/n.  For  meaningful  analysis  or 
simulation,  the  linear  approximation  of  the  flight  control  system  and 
airplane  must  be  accurate.  In  the  end,  however,  PIO  tendencies  need  to 
be  evaluated  in  flight.  Ground-based  simulator  evaluations  may  be  of 
little  value.  To  obtain  flight  data,  it  will  be  necessary  for  the  pilot 
to  pump  the  stick  sinusoidally  at  various  frequencies.  Several  tech¬ 
niques  have  been  employed  to  aid  the  pilot  in  this  task.  One  method  is 
described  in  Reference  17,  where  the  pilot  visually  follows  an  oscillat¬ 
ing  spot  on  the  instrument  panel*  In  other  studies,  oscillating  aural 
tones  have  been  fed  to  the  pilot  through  earphones. 

If  the  frequencies  desired  are  not  too  high  or  too  low,  pilots  can 
do  an  amazingly  good  job  of  moving  the  stick  sinusoidally  with  no  aids 
whatsoever.  In  addition,  if  the  damping  ratio  is  not  too  high,  the 
pilot  can  find  the  resonant  dip  in  the  Fg/n  versus  frequency  curve 
fairly  accurately,  by  pumping  at  the  frequency  that  gives  the  most  air¬ 
plane  response  for  the  least  effort. 

G.  SUPPORTING  DATA 

Little  is  available  in  the  way  of  supporting  data.  The  Calspan 
flight  test  programs  using  the  variable-stability  T-33  provide  the  only 
significant  data  base.  Those  tests  in  which  pilots  chose  "optimum"  Fg/n 
for  the  short-period  configurations  under  consideration  allow  some 
insight  into  the  applicability  of  Para.  3. 2.9.2. 
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Figure  4  shows  data  from  Reference  9.  Only  those  cases  for  which 
u>Sp  is  Level  1  are  plotted*  The  controller  characteristics  such  as 
breakout  and  friction  are  also  Level  1*  Low-speed  data  from  the  refer¬ 
ence  are  not  Included  because  a  2  g  nL  buffet  limit  may  have  influenced 
pilot  ratings.  The  ratings  given  in  Figure  4  are  based  on  assessments 
of  PIO  tendencies  and  include  both  the  handling  qualities  ratings  (PR, 
from  the  CAL  10  point  scale)  and  PIO  ratings  (PIOR,  from  Figure  5).  The 
PIO  ratings  are  closely  correlated  with  the  Cooper-Harper  pilot  ratings, 
as  one  would  expect,  since  the  PIO  scale  is  worded  in  terms  of  closed- 
loop  pilot  control. 


DESCRIPTION 

NUMERICAL 

RATING 

NO  TENDENCY  FOR  PILOT  TO  INDUCE  UNDESIRABLE 

MOTIONS 

1 

UNDESIRABLE  MOTIONS  TEND  TO  OCCUR  WHEN 

PILOT  INITIATES  ABRUPT  MANEUVERS  OR  ATTEMPTS 

TIGHT  CONTROL.  THESE  MOTIONS  CAN  BE  PREVENTED 

OR  ELIMINATED  BY  PILOT  TECHNIQUE. 

2 

UNDESIRABLE  MOTIONS  EASILY  INOUCED  WHEN  PILOT 

INITIATES  ABRUPT  MANEUVERS  OR  ATTEMPTS  TIGHT 

CONTROL.  THESE  MOTIONS  CAN  BE  PREVENTED  OR 

ELIMINATED  BUT  ONLY  AT  SACRIFICE  TO  TASK  PER¬ 
FORMANCE  OR  THROUGH  CONSIDERABLE  PILOT 

ATTENTION  AND  EFFORT. 

3 

OSCILLATIONS  TEND  TO  DEVELOP  WHEN  PILOT  INITIATES 

ABRUPT  MANEUVERS  OR  ATTEMPTS  TIGHT  CONTROL  . 

PILOT  MUST  REDUCE  GAIN  OR  ABANDON  TASK  TO 

RECOVER. 

4 

DIVERGENT  OSCILLATIONS  TEND  TO  DEVELOP  WHEN 

PILOT  INITIATES  ABRUPT  MANEUVERS  OR  ATTEMPTS 

tight  control  pilotmust  open  loop  by  releasing 
or  freezing  the  stick. 

5 

disturbance  or  normal  pilot  control  may 

CAUSE  DIVERGENT  OSCILLATION  . PILOT  MUST  OPEN 

CONTROL  LOOP  BY  RELEASING  OR  FREEZING  THE 

STICK. 

6 

Figure  5  (3. 2.9. 2).  PIO  Tendency  Rating  Scale 


*■»**■• 
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As  Figure  4  indicates,  there  is  a  preference  for  high  Ffl/n  when 
is  low.  This  is  not  surprising,  since  very  large  gradients  would  tend 
to  inhibit  pilot  overcontrol  and  reduce  the  tendency  to  PIO.  However, 
from  the  small  amount  of  data  at  low  esp  in  Figure  4  it  is  difficult  to 
conclude  that  the  Fs/n  requirement  of  Para.  3.2.9. 2  is  necessary.  There 
is  no  clear  degradation  in  ratings  at  low  ?sp  as  Fg/n  is  reduced,  nor  is 
there  data  at  low  5sp  and  low  Fg/n  to  show  that  the  pilot  would  consider 
this  condition  to  be  worse. 

Figure  6  supports  the  conclusions  from  Figure  4,  i.e.,  there  is  a 
preference  for  large  gradients  at  low  damping  but  little  to  support  the 
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need  for  Che  dynamic  Fs/n  requirement.  These  data,  from  the  testa  of 
Neal  and  Smith  (Reference  12),  include  those  configurations  for  which 
both  equivalent  u>3p  and  Tg  were  Level  1  in  value.  The  pilot  ratings  are 
based  on  the  Cooper-Harper  scale,  and  the  PIO  ratings  on  the  scale  of 
Figure  5.  Thus,  the  basis  for  this  requirement  remains  theoretical  with 
the  additional  thought  that  it  may  catch  PIO  tendencies  in  some  higher- 
order  systems  that  might  otherwise  escape  detection  until  extensive 
flight  experience  has  accumulated. 

H.  LESSONS  LEASHED 

The  data  used  in  Reference  11  are  reexamined  here.  Figures  7  and  8 
are  reproduced  from  Reference  11. 

Figure  7  is  a  good  illustration  of  lessons  learned  regarding  the 
need  for  control  system  modification.  In  each  case  the  airplane  with 
the  original  control  system  exhibited  strong  PIO  tendencies  in  the 
high-speed,  low-altitude  flight  regime.  A  modified  control  system  was 
tried  in  each  airplane,  which  significantly  improved  the  situation. 
The  majority  of  the  points  in  Figure  7  are  for  the  A4D-2  (Reference  18). 
The  T-38A  and  F-4C  data  are  from  flight  test  (References  19  and  20, 
respectively).  With  the  exception  of  the  T-38A,  there  are  no  pilot 
ratings  or  detailed  pilot  comments  available.  It  is  only  known  that  the 
shaded  points  of  Figure  7  are  associated  with  strong  PIO  tendencies. 
The  solid  line  for  (Fg/n)^n  -  1.4  lb/g  divides  the  data  very  nicely. 

Some  additional  data  on  PIO  tendencies  are  presented  in  Figure  8, 
taken  from  Reference  21.  The  points  are  again  rather  crudely  divided 
into  those  cases  that  exhibited  PIO  tendencies  and  those  that  did  not. 
Since  little  is  known  about  the  severity  of  the  PIO  problems  associated 
with  these  airplanes.  Figure  8  is  used  only  to  establish  trends.  As  can 
be  seen  from  the  figure,  a  line  of  constant  (Fg/n)^^  also  fits  these 
data  very  well. 

The  lines  of  constant  (Fg/n)^^  Figures  7  and  8  were  obtained 

from  Figure  4.  Note,  however,  that  while  the  (F_/n)  .  lines  fit  the 

rain 

data,  so  do  lines  for  £Sp  ■  0.15  and  Fs/n  *  3.0.  And,  as  was  stated 
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earlier,  many  PIO  tendencies  are  characteristically  due  to  low  * 

Bp 

Therefore  the  data  of  Figures  7  and  8  do  not  reveal  any  requirement  for 

a  (Fa/n)  j  specification*  Such  a  requirement  would  be  supported  by 
min 

obtaining  test  data  in  the  shaded  regions  of  Figure  4  or  by  introducing 
lightly  damped  modes  that  influence  the  equivalent  i*e.,  which  make 

sp 
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Pitch  axis  control  forces 


rapid  speed  changes 


control  force  variations  durin 


A.  REASON  FOR  REQUIREMENT 

This  is  intended  to  prevent  unduly  large  pitch  control  force 
gradients  with  speed,  requiring  excessive  trimming  or  high  steady 
control  force. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.2. 1. 1.2. 

C.  STATEMENT  OF  REQUIREMENT 

3. 2. 9. 3  Pitch  axis  control  forces  —  control  force  variations 
during  rapid  speed  changes.  When  the  aircraft  is  accelerated  and 
decelerated  rapidly  through  the  operational  speed  range  and  through  the 
transonic  speed  range  by  the  most  critical  combination  of  changes  in 
power,  actuation  of  deceleration  devices,  steep  turns  and  pullups,  the 
magnitude  and  rate  of  the  associated  trim  change  shall  not  be  so  great 
as  to  cause  difficulty  in  maintaining  the  desired  load  factor  by  normal 
pilot  techniques. 

D.  RATIONALE  BEHIND  REQUIRSfENT 

There  are  two  kinds  of  problems  for  vrtiich  this  requirement  is  pri¬ 
marily  intended.  First,  aircraft  can  have  stick  force  and  position 
gradients  with  speed  which  are  so  stable  that  considerable  pilot  effort 
is  required  during  rapid  speed-change  maneuvers.  Second,  in  the  tran¬ 
sonic  region  the  local  gradients  may  change  so  rapidly  with  Mach  number 
that  it  is  difficult  for  the  pilot  to  maintain  the  desired  pitch  atti¬ 
tude  or  normal  acceleration  during  rapid  speed  changes. 

If  the  c.g.  is  allowed  to  be  farther  aft  at  supersonic  speeds  than 
at  subsonic  speeds,  an  adequate  rate  of  c.g.  shift  should  be  provided 
for  rapid  transonic  deceleration. 


E.  GUIDANCE  FOR  APPLICATION 

Application  of  the  requirement  should  be  straightforward,  except 
that  its  wording  is  sufficiently  general  that  it  becomes  a  purely  sub¬ 
jective  specification*  There  ia  no  better  way  to  apply  it  than  simply 
performing  acceleration  and  deceleration  maneuvers  typical  of  extreme 
task  demands,  including  emergency  decelerations,  and  asking  the  pilot 
about  difficulties. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Early  analysis  can  determine  transonic  pitching  and  control  forces 
to  maintain  1  g  flight  as  well  as  normal  acceleration  with  fixed  con¬ 
trols* 

Flight  or  simulator  testing,  covering  the  operational  speed  range 
(and  the  transonic  speed  range,  if  applicable),  utilizing  maneuvers  men¬ 
tioned  in  Para.  3. 2*9*1  should  be  conducted* 

C.  SUPPORTING  DATA 

No  supporting  data  are  available  for  this  requirement. 

H.  LESSORS  LEARNED 

The  requirement  is  the  result  of  operational  experience  with  early 
supersonic  airplanes.  Although  difficulties  were  experienced,  enough 
data  have  never  been  collected  for  more  than  a  qualitative  requirement* 
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3- 2. 9. 4  Pitch  axis  control  forces  —  control  force  vs.  control 
deflection 

3*  2. 9. 4. 1  Steady-state  control  force/deflection  gradient 

A.  REASON  FOB.  REQUIREMENT 


Both  control  force  and  control  deflection  provide  pilot  cues*  This 
requirement  is  intended  to  assure  consonance  between  the  two  and  ade¬ 
quate  control  deflection  cues  where  only  control  force  is  specified* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3*  2.  2.  2. 2. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3*  2. 9*  4. 1  Steady-state  control  force/deflection  gradient*  The 
average  gradient  of  pitch-control  force  per  unit  of  pitch-control 
deflection  at  constant  speed  shall  be  within  the  following  range: 


RECOMMENDED  ALLOWABLE  VALUES  (FOR 
CATEGORY  A  FLIGHT  PHASES) 


MINIMUM 

MAXIMUM 

Wheel  and  center stick  j 

controllers 

5  lb/in* 

No  data 

Sidestick  controllers 

1  lb/in. 

2.5  lb/in. 

D.  RATIONALE  BEHIND  REQUIRBCENT 

Paragraphs  3. 2. 9*1  and  3. 2. 9* 2  set  limits  on  allowable  values  of 
pitch  control  force.  This  requirement  extends  the  force  requirement  to 
set  limits  on  controller  deflections  required  to  attain  a  given  force* 
The  "Supporting  Data"  show  evidence  of  a  need  for  such  a  requirement, 
and  intuitive  logic  indicates  that  some  interrelationship  exists  between 
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control  forces,  deflections,  and  positions  [see  also  3.2.9. 1,  Control 
force  per  g], 

E.  GUIDANCE  FOR  APPLICATION 

Limited  flight  test  data  show  strong  support  for  a  lower  limit  on 
Fg/6S  (indeed,  Reference  22  suggests  that  Fg/6g  should  be  25  lb/in.  or 
higher  for  centerstick  controllers).  The  specific  limits  are  directly 
related  to  Fg/n  and  control  location  (see  3. 2. 9.1).  However,  they  are 
not  well  defined  at  this  time. 

Some  guidance  for  designing  sidestick  controllers  may  be  gained  from 
Figure  1  (reproduced  with  minor  changes  from  Reference  23).  A  sidestick 
evaluation  performed  by  the  USAF  Test  Pilot  School,  Edwards  AFB,  using 
the  variable-stability  T-33  (with  Level  1  short-period  characteristics) 
produced  a  series  of  ratings  and  comments  for  varying  Fg/n  and  Fg/6g. 
The  lateral  force  deflection  characteristics  were  varied  as  shown  in 
Table  1  to  maintain  control  harmony  for  the  air-to-air  evaluations 
(consisting  of  2  g  bank-to-bank  and  3.5  g  wind-up  turns).  If  the  pilot 
comments  indicated  that  control  harmony  detracted  from  the  rating  given, 
variations  in  control  harmony  were  evaluated. 

With  the  exception  of  the  light  Fg/n  and  large  Fg/Ss  (Configurations 
1  and  2),  there  is  not  a  substantial  variation  in  pilot  ratings  over  the 
test  matrix. 

In  general,  pilots  preferred  increased  control  stick  motion  with 
decreased  control  force  gradients  and  decreased  control  stick  motion 
with  increased  control  force  gradients.  Control  configurations  13,  14, 
and  15  of  Figure  1  yielded  the  best  results,  both  in  pilot  ratings  and 
comments.  Pilots  indicated  that  control  motions  were  noticeably  large 
but  not  uncomfortable.  These  configurations  were  on  the  edge  of  the 
test  matrix;  thus,  the  extent  of  this  favorable  region  was  not  deter¬ 
mined  and  additional  testing  is  warranted. 

Configurations  4  and  7  were  found  to  be  good,  but  slightly  inferior 
to  Configurations  13,  14,  and  15.  Pilot  comments  indicated  that  the 
stick  forces  for  Configuration  4  were  tiring  and  uncomfortable.  Though 
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Figure  1  (3. 2. 9.4.1).  Pilot  Comments  for  Air-to-Air  Tasks 
with  Standard  Harmony  (from  Reference  23) 


TABLE  1  (3. 2.9. 4.1).  CATEGORY  A  CONTROL  CONFIGURATION  FOR 
T-33  SIDESTICK  EVALUATIONS  (REFERENCE  23) 


CONFIGURATION 

NUMBER 

LONGITUDINAL 

LATERAL 

f ../» 

6ea/Fes 

(deg/lb) 

F  /P 
as 

^as^as 
(deg /lb) 

1 

Very  light 

.2 

Very  light 

.3 

2 

Light 

.2 

Very  light 

.3 

3 

Medium 

.2 

Medium 

.3 

4 

Heavy 

.2 

Heavy 

.3 

5 

Very  light 

.5 

Very  light 

.77 

6 

Light 

.5 

Light 

.77 

7 

Medium 

.5 

Medium 

.77 

8 

Heavy 

.5 

Heavy 

.77 

9 

Very  light 

.7 

Very  light 

1.08 

10 

Light 

.7 

Light 

1.08 

11 

Medium 

.7 

Medium 

1.08 

12 

Heavy 

.7 

Heavy 

1.08 

13 

Very  light 

.91 

Very  light 

1.43 

14 

Light 

.91 

Light 

1.43 

15 

Medium 

.91 

Medium 

1.43 

16 

Heavy 

.91 

Heavy 

1.43 

the  boundaries  were  not  completely  determined,  these  comments  imply  that 
even  heavier  force  gradients  would  be  unacceptable. 

Configurations  1  and  2  were  rated  the  poorest.  They  were  character¬ 
ized  by  longitudinal  and  lateral  oversensitivity. 

All  of  the  remaining  control  configurations  indicate  that  with 
medium  control  stick  motion  the  control  force  gradient  selected  had 
essentially  no  effect  on  pilot  ratings.  However,  pilot  comments  show  a 
trend  from  oversensitivity  to  sluggishness  as  the  control  force  gradient 
increased  from  very  light  to  heavy. 

The  effect  of  breakout  force  on  pilot  ratings  was  investigated  by 
increasing  the  breakout  force  from  1/2  lb  to  1  lb  for  control  Configura¬ 
tions  7  and  11.  For  Configuration  7  the  average  pilot  ratings  increased 
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from  3*8  to  5,  whereas  for  Configuration  11  the  ratings  remained  essen¬ 
tially  unchanged.  Pilot  comments  indicated  that  the  effect  of  increas¬ 
ing  breakout  was  to  increase  the  pitch  sensitivity  in  an  unfavorable 
way. 

Recent  USAF  Test  Pilot  School  experiments  with  the  T-33  sidearm  con¬ 
troller  varied  the  force/deflection  gradient  Fg/6  and  short-period  fre¬ 
quency,  “gp*  The  stick  force  per  g  (Fg/n)  was  7  or  8  lb/g  for  the  high 
wgp  and  5  lb/g  for  the  lower  values  of  <tigp  in  accordance  with  earlier 
results  [see  Figure  7  (3.2.9. 1)J  as  shown  in  Table  2.  A  summary  of 
average  pilot  ratings  (3  pilots)  and  commentary  is  given  in  Figure  2  for 
the  gross  acquisition  task  and  in  Figure  3  for  the  fine  tracking  maneu¬ 
ver. 

The  poor  pilot  ratings  for  the  low  short-period  frequency  cases, 
w_  -  1.6  rad/sec,  are  expected  based  on  Para.  3.2. 1.1.  However,  the 
ratings  for  the  lower  values  of  Fg/6g  are  worse  than  for  Level  2,  indi¬ 
cating  that  failure  modes  should  be  a  consideration  when  contemplating 
light  force/def lection  gradients. 

For  uigp  in  the  Level  1  region  (u>3p  >  2.55),  larger  values  of  Fg/6g 
(i.e.,  approaching  a  "force  stick")  result  in  rapidly  degraded  pilot 
opinion  in  the  fine  tracking  task  (see  Figure  3). 

The  "optimum"  value  of  Fg/5  is  seen  to  be  about  1.7  Ib/deg  until 
ugp  >  5  rad/sec,  at  which  time  the  data  indicate  that  decreasing  Fg/<5  is 
desirable  (see  Figure  2). 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  performed  to  demonstrate  compliance  with  3. 2.9. 1, 
"Control  force  per  g,"  should  include  measurements  of  5g/n.  For  discus¬ 
sion  of  flight  test  techniques,  see  3.2.9. 1. 

G.  SUPPORTING  DATA 

There  is  little  or  no  recent  data  available  for  analysis.  The  fol¬ 
lowing  discussion  is  taken  directly  from  Reference  11,  with  a  few  words 
added  at  the  end.  Data  for  sidestick  controllers  was  introduced  under 
"Guidance  for  Application." 


TABLE  2  (3. 2.9.4. 1).  EXPERIMENTAL  TEST  POINTS  USED  IN  SIDEARM 

CONTROLLER  EVALUATIONS 


PHASE  I;  AIR-TO-AIR  TEST  POINTS 
(13,000  FT  MSL,  300  KIAS) 


CONFIGURATION 

“gp 

(rad/sec) 

LONGITUDINAL 
FORCE /DEFLECTION 
(lb/deg) 

LONGITUDINAL 
FORCE /RESPONSE 
(lb/g) 

LATERAL 

FORCE /DEFLECTION 
(lb /deg) 

A  (Baseline) 

5.6 

1.7 

8 

1.8 

B 

5.6 

3.3 

8 

1.8 

C 

5.6 

1.1 

8 

1.8 

D 

2.6 

3.  3 

5 

.95 

E 

2.6 

1.7 

5 

.95 

F 

2.6 

1.1 

5  i 

.95 

G 

1.8 

3.3 

5 

.95 

H 

1.8 

1.7 

5 

.95 

I 

1.8 

l.l 

5 

.95 

PHASE  II;  AIR-TO-AIR  TEST  POINTS 
(13,000  FT  MSL,  300  KIAS) 


“sp 

(rad/sec) 

LONGITUDINAL 

LONGITUDINAL 

i 

LATERAL 

CONFIGURATION 

FORCE /DEFLECTION 

FORCE /RESPONSE 

j  FORCE /DEFLECTION 

(lb /deg) 

(lb /G) 

|  (lb/deg) 

1 

Short  Period  Frequency,^  (rod /sec) 


6 


Best  oi*  ail 
tested  in  i*iase 


S.3 

□ 


Stick  displace-  Q 
ments  too  large  —  4.0 
slow  response 


4.1  2.3  satisfactory  and  Predictable  *-3 
CDO—  Pitch  bobble  less  objection-  0 
able  tnan  in  Phase  I 

^Moderate  compensation  required 
0  due  to  pitch  bobble  0 

3  *  Satisfactory  nut  slight  pitch 
bobble 


Adequate  with 
slightly  slow 
response 


o 

4.0 


<*i»p  Level  I 

/777777777777777777T77TT7 


□ 

3.3 

tick  deflection 


w sp  Level  II 

trrrrm  rrwrn  jrrrrm  t 


Response  a  little  slow  but 
4Q  better  than  1  .1  lb/deg.  No 
overshoots  or  oscillations 


□ 

3.8 


Deflection  gradient  satis 
factory  —  response  slow 


mushy  —  force 
gradients  too  light 


Controllability  in  question  regardless  of 
force /deflection  gradient,  g  limits  reached 
on  several  occasions. 


-tick  forces  too 
high  -  motion 
oscillatory 

Adequate  in 
initial  stages 


o 

3.8 


□ 

4.7 


Response  slightly 
slow  .  te:  ncy  to 
overshoot  desired 
8,  Adequate 


Longitudinal  over¬ 
shoots  reduced 
positional  feedback 


Force /Defleciion  Gradient, F^/8S (lb/deg) 

Figure  2  (3. 2. 9. 4.1).  Average  Pilot  Ratings  for  Gross  Acquisition  Task 

6 1- 


5 Light  pitch  bobble  □ 


Objectionable  •! 
f le't i.  :'  gra.iic 
induced  pi  t  en 
">sciilati.'.r:s 


4  7 

O 


Overly  sensitive 
to  small  i i. puts 


-lightly  sl-w 
response.  Jtick 
deflections  too 
large .  Performance 
adequate . 


4  2 

o 


3  0 

o  — 


u50  =  Level  I 


«o 

□ 


Exhibited  desired 
perf  .rrr.anc** .  Plow 
res:  r  se,  low  froq 


5  5  3  9 

00- 


Slight  bobble  but 
respon.se  considered 
predictable  .  Bobble 
worse  at  high  g 

Slight,  pitch  bobble 
increasing  with  g 
annoying  —  not  a 
major  problem 


Hu  pitch  bobbles. 
Minimal  pilo*  •-\mpen- 
sation  required. 


Slow  response  .  Better 
than  '..I  lb/deg 


a 


6  8 
o 


5  9 

o 


5  5 
□ 


Extensive  to  maximum 
tolerable  pilot 
compensation 

High  frequency  pitch 
osoiiiaticri  resulted 
in  unacceptable  per- 
ferman  e  .  Worse  at 
hign  g 


Inadequate  performance 
due  to  pitch  bobble  - 
worse  at  high  g's. 

Significant  increase 
ir;  pitch  hobble, 
r.xter.s  ive  romper. sat  ion 
required. 


illat 5  on 


j  Notes : 

Fs/n  in  desircble  region 

i/t^o.5 

Lp  5  7 


_L 


Adequate  perform  m  c-u  1 J 
due  to  sl.'w  nr  rnft.  re  up. 
•or.pensate  i  by  varying  r.. 


-L 


l  2 

Force  /  Deflection  Gradient,  Fs/8s(lb/deq) 


Figure  3  (3. 2. 9. 4.1).  Average  Pilot  Ratings  For  Fine  Tracking  Tasks 
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The  flying  qualities  investigations  of  References  22,  24-28  all 

included  variations  of  control  position  per  g  as  well  as  control  force 
per  g.  References  24  and  25  deal  with  the  landing  approach  flight 
phase,  while  all  the  others  are  for  Category  A  Flight  Phases. 

Both  References  24  and  25  indicate  unfavorable  pilot  comments  when 
the  control  motions  required  to  maneuver  the  airplane  become  too 
large.  Since  these  Investigations  were  specific  simulations  of  some 
C-5A  configurations,  the  short-period  natural  frequency  was  below  the 
minimum  Level  1  limit  for  Category  C  Flight  Phases.  When  the  short- 
period  frequency  is  low,  the  pilots  tend  to  overdrive  the  airplane  with 
large  pulse-like  inputs  to  speed  up  the  response.  Therefore  the  pilots 
might  not  have  disliked  the  control  motion  gradients  as  much  if  the 

short-period  response  had  been  faster.  Because  of  the  uncertainties 
caused  by  the  low  short-period  frequencies,  and  because  of  the  limited 
amount  of  data,  no  attempt  was  made  to  place  quantitative  limits  on 

control  motion  gradients  for  Category  C  Flight  Phases. 

Working  under  the  assumption  that  there  are  lower  limits  on  Fg/6g 
(upper  limits  on  ^g/F8),  the  Level  1  and  Level  2  boundaries  were  ini¬ 
tially  drawn  as  a  best  fit  to  the  data  of  Figure  4.  There  are  not 
sufficient  data  to  define  a  Level  3  limit.  Although  the  only  data 

plotted  were  those  having  Level  1  values  of  Fg/n,  there  are  poorly  rated 
configurations  from  References  22  and  26  which  lie  inside  the  Level  1 
F„/<$_  boundary. 

8  9 

Because  of  strong  objections  from  the  manufacturers,  the  Level  1 
and  2  limits  shown  in  Figure  12  were  reduced  to  5  lb/in.  Examples  of 
"good"  operational  airplanes  were  produced  with  indicated  gradients  as 
low  as  5  lb/in.  The  requirement  for  a  force/deflection  gradient  of  at 
least  5  lb/in.  has  been  retained  as  a  recommended  lower  limit  from 
Paragraph  3. 2.2. 2.2  of  MIL-F-8785C.  This  number  seems  to  have  origin¬ 
ated  more  from  a  rule  of  thumb  based  on  experience  than  from  hard 
data.  Hence  more  experimental  data  are  deemed  highly  desirable. 
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PILOT  Si  TING  (CAL  SCALES) 


Figure  4  (3. 2. 9. 4.1).  Control  Force  Per  Control  Displacement 
Category  A  Flight  Phases  —  Centerstick  (from  Reference  11) 

H.  LESSONS  LEARNED 

The  F-16  employs  an  essentially  fixed  sidearm  controller  (Fs/6  “  “>), 
which  clearly  would  not  meet  the  requirements  of  this  section.  F-16 
pilots  seem  to  have  adapted  to  the  essentially  fixed  sidestick.  How¬ 
ever,  before  accepting  such  a  controller  as  being  Level  1,  it  should  be 
noted  that  these  pilots  had  no  alternative  but  to  adapt.  The  T-33  sub¬ 
ject  pilots  (Figure  1)  did  not  feel  that  extreme  force  gradients  were 
desirable  when  given  the  opportunity  to  compare  with  gradients  across 
the  spectrum. 
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3. 2.9. 4. 2  Transient  control  force  vs.  deflection 


A.  REASON  FOR  REQUIREMENT 

Experience  has  shown  that  a  strong  tendency  for  PIO  exists  when  con¬ 
trol  deflection  leads  control  force.  This  requirement  is  included  to 
eliminate  this  problem. 

B.  RELATED  MEL-E-8785C  REQUIREMENT 

3. 2. 2. 3.2. 

C.  STATEMENT  OF  REQUIREMENT 

3. 2. 9. 4. 2  Transient  control  force  vs.  deflection  The  deflection  of 
the  pilot's  control  must  not  lead  the  control  force  throughout  the  fre¬ 
quency  range  of  pilot  control  inputs.  In  addition,  the  peak  pitch 
control  forces  developed  during  abrupt  maneuvers  shall  not  be  objection¬ 
ably  light. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  minimum  values  specified  for  Fs/n  in  Paragraph  3. 2.9. 2  and  Cap 

in  Paragraph  3. 2. 1.1  are  not  sufficient  to  prevent  the  occurrence  of  a 

PIO.  In  fact,  there  are  documented  cases  of  PlO-prone  aircraft  with 

Level  1  values  of  (Fa/n)  .  and  (£aD)  .  »  The  feel  system,  which 

min  “  min 

allowed  <5S  to  lead  Fg,  was  found  to  be  responsible  for  these  PIOs.  The 
details  of  these  cases  provide  valuable  design  guidance  and  are  dis¬ 
cussed  in  some  length  in  the  "Lessons  Learned"  subsection. 

E.  GUIDANCE  FOR  APPLICATION 

Given  some  very  basic  instrumentation,*  it  is  a  simple  matter  to 
obtain  the  phase  relationship  between  control  force  and  control  position 
via  a  pilot-generated  frequency  sweep  at  each  selected  flight  condition. 

*A  control  position  potentiometer  and  strain  gauge  to  measure 
control  force  are  required. 
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The  phase  relationship  between  control  position  and  control  force  can  be 
obtained  from  the  frequency  sweep  data  via  a  Fast  Fourier  Transform  com¬ 
puter  program.  As  a  general  rule  the  frequency  range  of  interest  will 
be  between  0.5  and  10  rad/sec. 

Qualitatively,  pilot  comments  relating  to  control  forces  which  are 

initially  too  light  even  though  (Fa/n)  and  C  are  Level  1  provide  a 

min  8P 

clue  to  the  fact  that  this  requirement  is  being  violated, 

F.  DEMONSTRATION  OF  COMPLIANCE 

Demonstrating  compliance  with  this  requirement  requires  a  quantita¬ 
tive  determination  of  the  phase  relationship  between  control  deflection 
and  force.  However,  if  the  control  forces  clearly  lead  control  deflec¬ 
tion  based  upon  pilot  comments  from  simulation  and/or  flight  test,  the 
requirement  should  be  considered  as  having  been  satisfied.  It  should  be 
emphasized  that  due  to  actual  control  system  effects  such  as  friction, 
hysteresis,  etc.,  ground-based  simulation  may  not  be  adequate  and  there¬ 
fore  flight  test  results  are  highly  desirable. 

6.  SUPPORTING  DATA 

The  supporting  data  for  this  requirement  are  based  on  experience 
where  PIOs  occurred.  Accordingly,  the  background  material  for  this 
requirement  is  presented  in  the  "Lessons  Learned"  subsection. 

H.  LESSONS  LEARNED 

An  excellent  treatise  by  Peter  Neal  pn  the  historical  development 
and  analytic  aspects  of  this  requirement  is  given  in  References  11  and 
183.  Basically,  the  requirement  stems  from  and  reflects  experience  with 
production  bobweight-augmented  elevator  control  systems.  Such  systems 
have  the  virtue  of  keeping  Fg/n  relatively  constant,  i.e.,  presenting 
large  changes  with  attitude  and  loading  (c.g.)»  Early  versions,  involv¬ 
ing  manual  control,  featured  elevators  with  near  100  percent  aerodynamic 
balance.  Later  versions  featured  full-power  hydraulics  with  artificial 
(springs  and/or  bellows)  feel  systems.  More  recently,  n2  feedback 
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directly  to  the  servo  valve  rather  than  to  the  control  stick  has  given  a 
response  feel  system  without  contributing  phase  shift  between  control 
force  and  control  deflection.  References  11  and  183  provide  a  feedback- 
control-analysis  basis  for  studying  the  problems  and  fixes  associated 
with  bobweights  in  the  specific  context  of  PIO.  Similar,  earlier 
efforts  by  others  are  referenced;  however,  even  earlier  work  on 
bobwelght  effects  in  unpowered  elevator  control  systems,  of  NACA  and  RAE 
origin,  is  not  cited.  The  main  emphasis  is  to  explain,  by  virtue  of 
analysis,  the  particular  problems  encountered  by  a  succession  of  example 
airplanes,  i.e.,  P-63A  (Reference  135),  A4D-2  (Reference  18),  T-39A 
(References  19,  140)  and  F-4  (Reference  20). 

Pertinent  conclusions  reached  by  Neal  (Reference  183)  are: 


1)  The  use  of  a  control-system  bobwelght  without  considera¬ 
tion  of  its  effects  on  the  airplane's  dynamics  can  lead  to 
serious  PIO  problems. 

2)  Potential  PIO  problems  due  to  a  bobwelght  can  be  minimized 
by  increasing  the  sensitivity  of  the  bobwelght  to  pitch 
acceleration,  using  the  following  criterion: 


where: 


H  *  115  + 


lb  -  distance  (in  feet)  of  equivalent  point-mass 
bobwelght  ahead 


of  c-g.  -  g 


bobwelght  stick  force  due  to  unit  9 


cr 


bobwelght  stick  force  due  to  unit  nz 

distance  in  (feet)  of  elevator  center  of  rotation 
ahead 

of  eg.  -  (Z6e/M6e) 


3)  When  the  previous  criterion  is  satisfied,  the  contribution 
of  the  bobweight  to  stick  force  per  g  may  still  be  limited 
by  the  fact  that  the  closed-loop  feel-system  roots  can  be 
driven  unstable.  This  problem  can  usually  be  improved  by 
the  use  of  a  viscous  stick  damper. 

4)  The  final  control-system  design  should  be  checked  against 
other  longitudinal  requirements.  Such  checks  may  in  fact 
show  the  undesirability  of  using  viscous  stick  damping 
because  of  associated  lags  in  response  to  stick  inputs. 
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3. 2. 9.5  Pitch  axis  control  forces  —  control  centering  and  breakout 
forces 


A.  REASON  FOR  REQUIREMENT 

Controls  should  have  clearly  defined  neutral  positions  and  should 
always  tend  to  return  to  neutral  when  released  by  the  pilot.  In  addi¬ 
tion,  some  effort  should  be  necessary  to  deflect  a  control  out  of  its 
neutral  position.  These  In  combination  serve  as  the  major  initial  pilot 
cues  of  control  motion. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.5.2.  1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 2. 9. 5  Pitch  axis  control  forces  —  control  centering  and  breakout 
forces .  Longitudinal  controls  should  exhibit  positive  centering  In 
flight  at  any  normal  trim  setting.  Although  absolute  centering  Is  not 
required,  the  combined  effects  of  centering,  breakout  force,  stability 
and  force  gradient  shall  not  produce  objectionable  flight  characteris¬ 
tics,  such  as  poor  precision-tracking  ability,  or  permit  large  depar¬ 
tures  from  trim  conditions  with  controls  free.  Breakout  forces.  Includ¬ 
ing  friction,  preload,  etc.,  shall  be  within  the  following  limits: 

_ .  These  values  refer  to  the  cockpit  control  force 

required  to  start  movement  of  the  control  surface. 


TABLE  1  (3. 2. 9. 5).  RECOMMENDED  PITCH  AXIS  BREAKOUT  FORCES  (LB) 


CONTROL 

CLASSES  I, 

II-C,  IV 

CLASSES  II-L,  III 

MINIMUM 

MAXIMUM 

MINIMUM 

MAXIMUM 

_ 

CenterBtick 

1/2 

3 

1/2 

5 

Wheel 

1/2 

4 

1/2 

7 

Sldestlck 

1/2 

1 

1/2 

_ 

1 

_ 

Values  for  Levels  1  and  2  (Upper  Limits  Doubled  for  Level  3) 
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D.  RATIONALE  BEHIND  REQUIREMENT 

A  discernible  neutral  point  (or  trim  or  equilibrium  point)  should 
always  be  provided  in  manual  pitch,  roll,  or  yaw  controllers.  That  is, 
if  the  pilot  chooses  to  release  a  control  it  should  return  to  a  neutral 
or  trim  state.  If  no  cues  are  provided,  the  pilot  will  be  forced  to 
manually  search  for  such  a  trim  condition.  This  can  lead  to  poor  maneu¬ 
vering  control  or,  in  the  extreme,  to  pilot-induced  oscillations.  The 
sidestick  breakout  forces  are  based  on  recommendations  of  Reference  23. 

E.  GUIDANCE  FOR  APPLICATION 

While  this  paragraph  does  not  specify  absolute  centering,  the  ten¬ 
dency  for  positive  centering  should  always  be  detectable.  With  absolute 
centering  a  cockpit  control  will  always  return  exactly  to  its  trim  posi¬ 
tion  when  released.  Positive  centering  is  a  tendency  to  return;  upon 
release,  the  control  will  move  toward  the  trim  position  but  friction  may 
prevent  absolute  centering. 

Several  studies  (References  45  and  126)  have  substantiated  the  upper 
limits  on  breakout  forces  in  Table  1.  Design  for  the  lower  values  is 
recommended,  since  operation  with  large  breakout  forces  could  contribute 
to  pilot  fatigue. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Measurement  of  breakout  forces  on  the  ground  will  ordinarily  suffice 
in  lieu  of  actual  flight  measurement,  provided  that  qualitative  agree¬ 
ment  between  ground  measurement  and  flight  observation  can  be  estab¬ 
lished. 

G.  SUPPORTING  DATA 

None  available. 

H.  LESSONS  LEARNED 


None. 


T 


3. 2. 9. 6  Pitch  axis  control  forces  —  free  play 

A.  REASON  FOR  REQUIREMENT 

While  some  small  amount  of  free  play  may  be  desirable  to  reduce  sen¬ 
sitivity  to  inadvertent  control  motions,  the  hysteresis  resulting  from 
combined  free  play  and  friction  will  create  generally  deleterious  phase 
lags.  Free  play  by  itself  (threshold)  has  no  associated  phase  lag  but 
rather  its  quasilinear  describing  function  is  a  reduced  gain. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.  5.  2. 2 

C.  STATEMENT  OF  REQUIREMENT 

3. 2. 9. 6  Pitch  axis  control  forces  —  free  play.  The  free  play  (and 
possible  associated  hysteresis)  in  the  longitudinal  controller  shall  not 
result  in  objectionable  flight  characteristics,  especially  for  small 
amplitude  inputs.  Hysteresis  and  free  play  should  be  within  the  follow¬ 
ing  boundaries :  _ . 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  requirement  is  designed  to  prevent  unacceptable  dead  zones  in 
the  pitch  controller.  In  normal  operations,  and  especially  in  high- 
demand  tasks  such  as  turbulence  penetration  or  air  combat,  free  play  can 
contribute  to  overcontrol  and  rapid  pilot  fatigue;  associated  possible 
hysteresis  can  contribute  to  reduced  damping  and  possible  limit  cycle 
operation. 

No  numerical  values  have  yet  been  found  that  appear  generally  ade¬ 
quate.  The  allowable  free  play  would  seem  to  be  a  function  of  control- 
deflection  sensitivity  (angular  acceleration  per  inch  or  degree  of 
movement)  and  possibly  control-force  sensitivity;  also  of  the  friction 
level  and  resulting  hysteresis  loop.  As  of  this  writing  the  Air  Force 
has  the  McDonnell  Aircraft  Company  under  contract  to  obtain  more  defini¬ 
tive  data  on  controllers. 
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E.  GUIDANCE  FOR  APPLICATION 


This  requirement  is  not  intended  to  eliminate  all  free  play  (or 
associated  hysteresis).  Free  play  is  sometimes  designed  into  a  con¬ 
troller  to  provide  a  dead  zone,  and  some  amount  of  basic  free  play  is 
inherent  without  special  measures,  e.g.,  the  use  of  preload. 

F.  DEMON STRATI ON  OF  COMPLIANCE 

Evaluation  of  free  play  (and  hysteresis)  in  flight  should  be  made 
over  the  operational  load  factor  and  airspeed  ranges,  at  the  minimum  and 
maximum  operational  altitudes,  and  especially  at  high  speeds,  where 
required  control  surface  deflections  are  small. 

6.  SUPPORTING  DATA 

None  available. 

H.  LESSONS  LEARNED 

None  available. 
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3. 2. 9. 7  Pitch  axis  control  force  limits 

3. 2. 9. 7.1  Pitch  axis  control  force  limits  —  takeoff 

A.  REASON  FOR  REQUIREMENT 

Limits  on  maximum  push  and  pull  forces  required  for  takeoff  should 
be  lower  than  those  allowed  for  other  operations,  i.e.,  by  the  Fs/n 
values  of  3. 2.9. 1.  This  is  to  assure  that  the  pitch  control  input  for 
takeoff  will  not  be  abrupt  or  require  two-handed  operation. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.  2.  3.  3.  2 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.2.9. 7.1  Pitch  axis  control  force  limits  —  takeoff.  With  the 
trim  setting  optional  but  fixed,  the  pitch-control  forces  required 
during  all  types  of  takeoffs  for  which  the  aircraft  is  designed,  in¬ 
cluding  short-field  takeoffs  and  assisted  takeoffs  such  as  catapult  or 
rocket-augmented,  shall  be  within  the  following  limits:  _ . 

RECOMMENDED  VALUES  FOR  AIRCRAFT  WITH 
CENTERSTICK  OR  WHEEL  CONTROLLERS 

Nose-wheel  and  bicycle-gear  airplanes 

Classes  I,  IV-C;  20  pounds  pull  to  10  pounds  push 

Classes  II-C,  IV-L:  30  pounds  pull  to  10  pounds  push 

Classes  II-L,  III:  50  pounds  pull  to  20  pounds  push 

Tail-wheel  airplanes 

Classes  I,  II-C,  IV:  20  pounds  push  to  10  pounds  pull 

Classes  II-L,  III:  35  pounds  push  to  15  pounds  pull 


For  sidestick  controllers  the  force  should  not  be  objectionable  to  the 
pilot.  The  term  takeoff  includes  the  ground  run,  rotation,  and  liftoff, 
the  ensuing  acceleration  to  V  (TO),  and  the  transient  caused  by 
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assise  cessation.  Takeoff  encompasses  operation  In  both  the  presence 
and  absence  of  ground  effect.  Takeoff  power  should  be  maintained  until 
Vmnv  (TO)  Is  reached,  with  the  landing  gear  and  high-lift  devices 
retracted  in  the  normal  manner  at  speeds  from  V0  (TO)  to  Vmax  (TO). 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  force  limits  for  this  paragraph  are  intended  to  Insure  adequate 
control  force  characteristics  at  takeoff.  It  is  obvious  that  pitch 
forces  in  takeoff  should  not  place  unreasonable  demands  on  the  pilot, 
either  In  the  form  of  large  pull  forces  (requiring  two-handed  operation 
and  possibly  causing  abrupt  responses)  or  large  push  forces  (resulting 
in  unnatural  motions).  The  limits  are  strictest  for  small,  highly 
maneuverable  (Class  I)  aircraft  and  relaxed  for  large  (Class  III) 
aircraft.  For  tailwheel  airplanes  the  push  forces  required  to  raise  the 
tail  may  be  larger  than  pull  forces.  At  this  time  there  is  Insufficient 
data  to  suggest  limits  for  sidestick  controllers,  but  it  is  clear  that 
acceptable  values  will  be  quite  small  when  compared  to  limits  on  the 
centerstick. 

E.  GUIDANCE  FOR  APPLICATION 

The  force  limits  are  specified  as  absolute  requirements.  Therefore, 
for  centerstick  and  wheel  controllers,  longitudinal  control  forces  on 
takeoff  must  at  all  times  be  within  the  specified  limits;  for  sidestick 
controllers,  in  the  absence  of  definitive  guidance,  the  forces  must  not 
be  objectionable  to  the  pilot. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  final  proof  of  compliance  will  be  flight  testing.  Such  testing 
will  Include  not  only  normal  takeoffs,  but  any  takeoffs  which  may  be 
peculiar  to  the  airplane  mission  requirements.  Tests  should  be  con¬ 
ducted  at  the  conditions  for  most  forward  and  most  aft  center-of-gravity 
positions,  and  will  cover  the  velocity  range  from  0  to  (TO). 


Analysis  and  simulation  may  be  used  for  early  guidance,  but  these 
will  be  only  as  good  as  the  Initial  estimates  of  elevator  control  power 
and  airplane  performance  characteristics. 

G.  SUPPORTING  DATA 

There  are  no  known  systematic  flight  tests  of  these  requirements. 

H.  LESSORS  LEASHED 

As  with  supporting  data,  little  information  can  be  found  for  exist¬ 
ing  flight  vehicles.  Reference  126,  a  validation  of  MIL-F-8785B  using  a 
Class  III-L  airplane  (P-3B),  indicates  pilot  support  for  the  limits  for 
Class  III,  nosewheel-equlpped  airplanes. 
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3. 2. 9. 7. 2  pitch  axis  control  force  limits  —  landing 


A.  REASON  FOR  REQUIREMENT 

The  forces  required  in  landing  should  always  be  natural  (i.e.,  pull 
for  flare)  and  should  be  small  enough  to  allow  one-handed  operation 
without  placing  excessive  demands  on  the  pilot. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 2. 3. 4.1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 9. 7. 2  Pitch  axis  control  force  limits  —  landing.  The  pitch 

control  forces  for  landing  shall  be  less  than  _  for  the 

recommended  approach  speed  and  fixed  trim  settings.  This  applies  in 
both  presence  and  absence  of  ground  effect. 

RECOMMENDED  VALUES  FOR  CENTERSTICK 
OR  WHEEL  CONTROLLERS 

Classes  I,  II-C,  IV:  35  pounds  pull 

Classes  II-L,  III:  50  pounds  pull 

For  sidestick  controllers  the  forces  should  not  be  objectionable  to  the 
pilot. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  limits  for  aircraft  with  centerstick  or  wheel  controllers  are 
Intended  to  prevent  unreasonable  demands  on  the  pilot  at  landing,  where 
one-handed  operation  is  almost  mandatory. 

Trimmed  flight  prior  to  landing  must  be  done  in  approach,  after 
extension  of  gear/flaps,  etc.,  but  before  landing  flare.  The  recommen¬ 
dations  explicitly  include  landing  conditions  in  and  out  of  ground 
(taken  to  include  carrier  deck,  sea,  etc.)  effect. 
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These  force  limits  are  more  restrictive  than  the  FAA  Part  25 
(Reference  118)  requirement  of  75  lbs  and  Part  23  (Reference  161)  of 
60  lbs  for  stick  or  75  lbs  for  wheel  controllers.  However,  operational 
experience  shows  support  for  lower  limits  for  continuous  maneuvering. 

E.  GUIDANCE  FOR  APPLICATION 

The  suggested  force  limits  for  centerstick  and  wheel  controllers  are 
absolute  requirements,  independent  of  flying  quality  levels  or  failure 
states.  As  such  they  serve  as  simple  pass-fail  criteria.  The  procuring 
activity  may  choose,  however,  to  apply  flying  quality  Level  require¬ 
ments.  For  sidestick  controllers  the  limits  must  be  assessed  qualita¬ 
tively. 

t.  DEMONSTRATION  OF  COMPLIANCE 

Ultimately,  compliance  must  be  proven  through  flight  test.  Analysis 
and  simulation  are  subject  to  the  accuracy  of  aerodynamic  estimates  in 
ground  effect.  The  flight  test  should  encompass  approach  (or  that  part 
of  preparation  for  landing  that  Involves  gear/flap  extensions,  power 
adjustment,  and  pitch  trim)  over  velocities  from  1.3  Vg,  at  the  most 
forward  center  of  gravity  position.  Both  power-on  and  -off  landings,  if 
applicable,  should  be  performed,  to  assure  that  power  setting  does  not 
adversely  affect  the  force  characteristics. 

G.  SUPPORTING  DATA 

There  are  no  existing  data  for  use  in  evaluating  this  requirement. 

H.  LESSONS  LEARNED 

A  lack  of  commentary  on  the  recommended  limits  suggests  that  their 
implementation  is  acceptable. 
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3. 2. 9. 7. 3  Pitch  axis  control  force  limits  —  dives 

A.  SEASON  FOR  REQUIREMENTS 


As  a  frequently  used  but  peculiar  flight  operation,  the  dive  is 
subject  to  separate  force  limit  requirements. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 
3. 2. 3. 5,  3. 2. 3. 6,  3. 6. 1.2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.2.9. 7.3  Pitch  axis  control  force  limits  —  dives. 

Service  Flight  Envelope.  With  the  aircraft  trimmed  for  level  flight 
at  speeds  throughout  the  Service  Flight  Envelope,  the  control  forces  In 
dives  to  all  attainable  speeds  within  the  Service  Flight  Envelope  shall 
not  exceed  (a)  In  similar  dives,  but  with  use  of  trim  following 
the  dive  entry,  it  shall  be  possible  with  normal  piloting  techniques  to 
maintain  the  forces  within  the  following  limits:  (b) 

Permissible  Flight  Envelope.  With  the  aircraft  trimmed  for  level 
flight  at  but  with  use  of  trim  optional  in  the  dive,  it  shall  be 
possible  to  maintain  the  pitch  control  force  within  the  following  limits 
in  dives  to  all  attainable  speeds  within  the  Permissible  Flight  Enve¬ 
lope:  (c)  The  force  required  for  recovery  from  these  dives  shall 
not  exceed:  (d)  Trim  and  deceleration  devices,  etc.,  may  be  used 
to  assist  in  recovery  if  no  unusual  pilot  technique  is  required. 

Note :  Letters  in  blanks  correspond  to  recommended  values  in 
Table  1. 
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TABLE  1  (3. 2. 9. 7. 3) 


RECOMMENDED  FORCE  LIMITS  FOR  DIVES  AND 
RECOVERY  FROM  DIVES 


REQUIREMENT 

CONTROLLER 

FORCE 

(lb) 

NUMBER 

PUSH 

PULL 

(a) 

Centerstick 

50 

10 

Sidestick 

★ 

* 

Wheel 

75 

15 

(b) 

Centerstick 

10 

10 

Sidestick 

* 

* 

Wheel 

20** 

20** 

(c) 

Centerstick 

50 

35 

Sidestick 

* 

* 

Wheel 

50 

35 

(d) 

Centerstick 

120 

120 

Sidestick 

* 

* 

Wheel 

120 

120 

*Limits  for  sidestick  controllers  have  not  been 
established.  However,  the  forces  must  be  accept¬ 
able  to  the  pilot. 

**Two-handed  operation.  In  event  that  operation 
of  the  trim  system  requires  removal  of  one  hand 
the  force  limits  should  be  as  for  centerstick. 


D.  RATIONALE  BEHIND  REQUIREMENT 

Push  and  pull  force  limits  must  be  stated  to  assure  that  demands  on 
the  pilot  are  not  unreasonable.  Since  dives  may  be  performed  throughout 
both  the  Service  and  Permissible  Flight  Envelopes,  separate  requirements 
are  given  for  each.  Operation  of  manual  trim  systems  implies  that  the 
dive  is  a  sustained  (rather  than  moment iry)  maneuver,  so  the  trim  should 
be  effective  in  substantially  reducing  pitch  forces. 
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E.  GUIDANCE  FOR  APPLICATION 

Since  the  force  limits  are  absolute,  application  of  the  requirements 
consists  of  verifying  that  the  aircraft  falls  within  the  force  limits 
stated  for  the  Flight  Envelope  under  consideration. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Compliance  must  ultimately  be  proven  through  flight  test.  Analysis 
may  be  used  for  initial  verification.  The  tests  and  analyses  should  be 
conducted  over  the  following  range  of  aircraft  and  flight  conditions:  a 
center  of  gravity  range  from  most  forward  (combined  with  heaviest  air¬ 
craft  weight)  to  most  aft  (combined  with  lightest  aircraft  weight);  for 
the  Service  Flight  Envelope  altitudes  from  2000  ft  above  MSL  to  the 
maximum  service  altitude,  for  the  range  of  minimum  to  maximum  service 
speeds;  for  the  Permissible  Flight  Envelopes  altitudes  as  required  by 
the  procuring  activity  or  the  ranges  of  the  Permissible  Flight  Envelope, 
over  the  speed  range  from  VMAT  to  the  maximum  permissible. 

G.  SUPPORTING  DATA 

There  is  no  known  set  of  data  with  which  to  verify  these  require¬ 
ments. 

H.  LESSONS  LEARNED 

The  limited  dive  testing  of  Reference  126,  using  a  Class  III 
airplane  (P-3B),  supports  the  one-handed  wheel  push  force  limit  of 
50  pounds. 
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3.2.9. 7.4  Pitch  axis  control  force  limits  —  sideslips 

A.  SEASONS  FOR  REQUIREMENT 

There  are  two  primary  reasons  for  having  requirements  for  maximum 
longitudinal  forces  in  sideslips:  to  insure  that  small  amounts  of 

sideslip  inadvertently  developed  during  normal  operations  do  not  result 
in  large  or  possibly  dangerous  angle-of-attack  changes;  and  to  limit  the 
longitudinal  corrections  required  when  the  pilot  intentionally  changes 
the  sideslip  angle,  as  in  a  crosswind  landing. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.2.3.  7 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 2. 9. 7.4  Pitch  axis  control  force  limits  —  sideslips.  With  the 
aircraft  trimmed  for  straight,  level  flight  with  zero  sideslip,  the 
pitch-control  force  required  to  maintain  constant  speed  in  steady  side¬ 
slips  with  up  to  _  pounds  of  pedal  force  in  either  direction,  or  in 

sideslips  as  specified  in  the  Operational  Flight  Envelope,  shall  not 
exceed  the  pitch-control  force  that  would  result  in  a  1  g  change  in 
normal  acceleration.  In  no  case,  however,  shall  the  pitch-control  force 

exceed:  _ .  If  a  variation  of  pitch-control  force  with 

sideslip  does  exist,  it  is  preferred  that  increasing  pull  force 
accompany  increasing  sideslip,  and  that  the  magnitude  and  direction  of 
the  force  change  be  similar  for  right  and  left  sideslips.  For  Level  3 
there  shall  be  no  uncontrollable  pitching  motions  associated  with  the 
sideslips  discussed  above. 


RECOMMENDED  VALUES 

(For  pedal  force  of  50  pounds  or  less) 


Centerstick  controllers:  10  pounds  pull  to  3  pounds  push 

Sidestick  controllers:  Acceptable  to  the  pilot 

Wheel  controllers:  15  pounds  pull  to  10  pounds  push 


D.  RATI OHALE  BEHIND  REQUIREMENT 


Any  pitching  momenta  due  to  sideslip  —  whether  intentional  or  unin¬ 
tentional  —  should  not  require  heavy  compensation  by  the  pilot.  This 
keeps  pilot  workload  in  crosswinds  (or  in  failures,  such  as  one-engine- 
out  operation  on  multi-engine  airplanes)  to  a  minimum. 

E.  GUIDANCE  FOR  APPLICATION 

For  operations  at  Level  1  or  2  conditions,  the  limits  are  straight¬ 
forward:  either  the  requirements  are  met  or  they  are  not.  The  Level  3 

requirement  stipulates  that  pitching  motions  due  to  sideslip  shall  not 
further  aggravate  a  Level  3  aircraft  into  an  uncontrollable  state. 
Uncontrollable  is  used  here  to  indicate  a  divergent  pitch  response  and 
should  not  be  Interpreted  to  mean  a  mild  uncommanded  buffet  or  oscilla¬ 
tion  . 

F.  DEMONSTRATION  OF  COMPLIANCE 

A  flight  test  program  is  essential,  especially  given  the  difficulty 
in  analytically  defining  aircraft  characteristics  in  asymmetric  flight. 
The  program  should  encompass  the  extremes  of  the  operational  altitude 
range  and  the  service  flight  speed  range.  The  Level  3  requirement  may 
be  difficult  to  verify  in  practice,  except  in  those  cases  where  external 
failure  conditions  (e.g.,  one  engine  out)  would  create  the  Level  3 
state.  Such  conditions,  if  required,  should  be  specified  in  the  Opera¬ 
tional  Flight  Envelope  by  the  procuring  activity. 

G.  SUPPORTING  DATA 

The  existence  of  systematic  data  is  not  known  at  this  time. 

H.  LESSONS  LEARNED 

Reference  126,  using  a  Class  III  aircraft  (P-3B),  showed  support  for 
the  pull  limit  of  15  pounds  for  wheel  controllers. 
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3. 2. 9. 7. 5  [Reserved] 


3. 2. 9. 7. 6  Pitch  axis  control  force  limits  —  failures 

A.  REASON  FOR  REQUIREMENT 

Augmentation  system  failures  should  not  cause  abrupt  or  severe 
changes  in  the  trim  state  of  the  aircraft.  The  ability  to  retain 
reasonable  control  is  measured  in  terms  of  demands  on  the  pilot  to 
maintain  trim  conditions. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.  5.5.2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 9. 7.6  Pitch  axis  control  force  limits  —  failures.  The  change 
in  longitudinal  control  force  required  to  maintain  trim  pitch  attitude 
following  complete  or  partial  failure  of  the  augmentation  system  shall 
not  exceed  the  following  limits :  _ . 

It  is  recommended  that  for  at  least  5  seconds  following  the  failure 
the  change  in  pitch  force  not  exceed  20  pounds. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  purpose  of  a  requirement  in  this  area  is  to  insure  that  the 
short-term  response  of  the  aircraft  to  an  augmentation  system  failure 
does  not  get  out  of  hand  before  the  pilot  can  react.  The  requirements 
of  3. 2. 7.2  describe  allowable  transient  responses.  However,  it  is  felt 
to  be  necessary  to  also  have  limits  on  the  control  forces  required  to 
minimize  these  responses. 

E.  GUIDANCE  FOR  APPLICATION 

Testing  of  failure  modes  —  in  flight  or  simulation  —  should  always 
include  consideration  of  demands  on  the  pilot  to  manually  retrim.  The 
emphasis  for  applying  this  requirement,  however,  is  in  verifying  that 
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the  requirements  of  3. 2.  7. 2,  "Pitch  axis  response  to  failures,"  are  met; 
i*e«,  test  data  for  verification  with  this  requirement  can  be  obtained 
at  the  same  time. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Testing  required  by  3. 2.7. 2  should  be  designed  so  that  the  control 
force  requirements  are  also  evaluated. 

6.  SUPPORTING  DATA 

At  this  time  no  supporting  data  are  available. 

H.  LESSONS  LEASHED 

None. 
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3.2.9* 7. 7  Pitch  axis  control  force  limits  —  configuration  or  control 
mode  change 


A.  REASON  FOR  REQUIREMENT 


Intentional  engagement  or  disengagement  of  any  portion  of  the  flight 
control  system  should  never  result  In  unusual  or  unreasonable  demands  on 
the  pilot  to  retain  control. 

B.  RELATED  MIL-P-8785C  REQUIREMENT 

3. 5. 6. 2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 2. 9. 7. 7  Pitch  axis  control  force  limits  —  configuration  or 
control  mode  change.  The  control  force  changes  resulting  from  the 
intentional  engagement  or  disengagement  of  any  portion  of  the  primary 
flight  control  system  by  the  pilot  shall  not  exceed  the  following 
limits: _ . 

It  is  recommended  that  for  at  least  5  seconds  following  the  mode 
change  the  change  In  pitch  force  not  exceed  20  pounds. 

D.  RATIONALE  BEHIND  REQUIREMENT 


Trim  transients  following  Intentional  pilot  actions  with  the  flight 
control  system  should  obviously  be  small. 

Since  this  requirement  deals  with  Intentional  modification  of  the 
flight  control  system,  It  is  Implied  that  no  failures  have  occurred. 
Failures  are  covered  explicitly  by  3. 2. 9.7.6. 

E.  GUIDANCE  FOR  APPLICATION 


Proper  application  of  this  requirement  may  be  performed  by  careful 
design  of  the  aircraft  augmentation  systems.  Mode  switching  should 
assure  that  the  new  mode  chosen  does  not  have  any  large  transients  in 
Initialization. 
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F.  DEMONSTRATION  OF  COMPLIANCE 

This  requirement  is  effectively  a  subset  of  3. 2. 
analysis,  or  flight  test  demonstrations  for  that 
include  force  response  tests* 

6.  SUPPORTING  DATA 

At  this  time  no  supporting  data  are  available. 

H.  LESSONS  LEARNED 

None. 
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7.3.  Simulation, 
paragraph  should 


*•» 


3.2. 9. 8 


Pitch  axis  trim  systems 


A.  REASON  FOR  REQUIREMENT 

A  requirement  is  necessary  that  specifies  the  characteristics  of  the 
pitch  trim  in  reducing  control  forces,  in  operational  flight  and  in 
event  of  trim  system  failures.  This  paragraph  is  included  to  insure 
satisfactory  trim  system  operation. 

B.  RELATED  HIL-F-8785C  REQUIREMENT 


3.6. 1 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALDES 

3. 2.9.8  Pitch  axis  trim  systems.  In  straight  flight,  throughout 
the  Operational  Flight  Envelope  the  trimming  system  shall  be  capable  of 
reducing  the  steady-state  control  forces  to  _ .  The  fail¬ 
ures  to  be  considered  in  applying  Level  2  and  3  requirements  shall 
include  trim  sticking  and  runaway  in  either  direction.  It  is  permis¬ 
sible  to  meet  Level  2  and  3  requirements  by  providing  the  pilot  with 
alternate  trim  mechanisms  or  override  capability. 


RECOMMENDED  FORCE  LIMITS 


Level  1  or  2: 
Level  3: 


Zero 

No  greater  than  20  pounds, 
push  or  pull 


D.  RATIONALE  BEHIND  REQUIREMENT 

The  purpose  of  a  trim  system  is  to  reduce  steady-state  forces  on 
cockpit  controls,  preferably  to  zero.  By  placing  the  requirements  on 
steady-state  forces  we  have  implicitly  allowed  transient  forces  to 
exceed  the  limits  in  this  paragraph.  This  is  consistent  with  the  normal 
usage  of  trim  controls  wherein  transient  forces  are  handled  with  the 
primary  cockpit  controllers  with  trim  utilized  to  remove  steady-state 
forces . 


E.  GUIDANCE  FOR  APPLICATION 


In  normal  operations!  this  requirement  is  very  straightforward.  If 
a  pitch  trim  is  provided,  it  must  be  effective.  However,  the  more 
powerful  a  trim,  the  more  catastrophic  a  trim  failure  can  be.  The  dif¬ 
ficulty  in  designing  a  trim  system  will  be  in  assuring  that  extreme 
failures  (trim  hardover,  sticking,  etc.)  are  capable  of  being  overcome 
by  the  pilot.  Hence  override  or  alternate  trim  mechanisms  (e.g.,  dual 
trim  systems)  are  of  prime  importance. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Trim  capability  must  be  shown  through  flight  testing,  at  conditions 
covering  the  range  of  operational  flight.  The  flight  conditions  should 
be  devised  to  exercise  the  envelope  of  trim  authority,  e.g.,  low  alti¬ 
tude  and  high  speed  (high  dynamic  pressure),  and  high  altitude  and  low 
speed  (low  dynamic  pressure)  at  most  forward  and  most  aft  e.g.  Failure 
operations  at  these  conditions  may  be  impractical;  therefore,  compliance 
with  the  failure  requirement  may  be  demonstrated  by  intentionally  mis- 
trimming  the  aircraft  and  recovering  from  the  mistrim,  or  by  simulation. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None  available. 
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3. 2. 9. 8.1  Pitch  axis  trim  systems  —  rate  of  operation 

A.  SEASON  FOR  REQUIREMENT 

Trimming  devices  must  be  capable  of  operating  rapidly  enough  to  be 
of  value  to  the  pilot  (especially  in  maneuvers  which  involve  large  sus¬ 
tained  pitch-control  inputs),  but  not  so  rapidly  that  their  operations 
produce  abrupt  aircraft  motions. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.6. 1.2 


C.  STATEMENT  OF  REQUIREMENT 

3. 2. 9. 8.1  Pitch  axis  trim  systems  —  rate  of  operation.  Trim 
devices  shall  operate  rapidly  enough  to  enable  t!.a  pilot  to  maintain  low 
control  forces  under  changing  conditions  normally  encountered  in  ser¬ 
vice,  yet  not  so  rapidly  as  to  cause  oversensitivity  or  trim  precision 
difficulties  under  any  conditions. 

D.  RATIONALE  BEHIND  REQUIREMENTS 

If  a  trim  system  is  to  function  as  desired,  i.e.,  relieve  steady- 
state  pitch  control  forces,  it  must  operate  rapidly.  Slow  trim  rates 
wills  a)  fatigue  the  pilot;  and  b)  not  be  helpful  since  trim  conditions 
may  change  more  quickly.  However,  rapid  trim  motion  could  cause  abrupt 
attitude  changes  and  oversensitivity  —  making  it  impossible  in  practice 
to  achieve  desired  trim. 

E.  GUIDANCE  FOR  APPLICATION 

It  may  be  difficult  to  specify  a  trim  rate  which  will  be  applicable 
for  all  mission  phases  of  the  aircraft.  It  is  more  likely  that  the  pro¬ 
curing  agency  will  simply  require  that  the  trim  operation  rate  not  be 
objectionable,  and  that  the  contractor  will  use  past  experience  as  a 
guide.  In  any  case,  acceptability  of  the  trim  system  will  be  a  function 
of  the  operational  missions  to  be  flown,  and  of  the  untrimmed  control 
forces.  Specific  missions  should  be  considered  individually  in  this 
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light;  in  MIL-F-8785C  this  requirement  included  specific  force  limits 
that  may  be  obtained  in  dives  and  during  rapid  speed  changes,  using 
trimming  devices  to  decrease  the  forces* 


F.  DEMONSTRATION  OF  COMPLIANCE 

At  the  discretion  of  the  procuring  activity,  compliance  may  be 
proven  through  static  ground  testing  of  the  trim  system*  However,  if  it 
is  felt  that  the  trim  operation  might  be  influenced  by  flight  variables 
(e*g.,  dynamic  pressure,  electrical  or  hydraulic  system  load),  flight 
testing  is  mandatory.  Obviously,  demonstration  of  the  force  require¬ 
ments  of  3. 2.9.7  will  involve  trim  operation,  so  it  will  be  easy  to 
demonstrate  compliance  with  this  requirement. 

The  conditions  to  be  tested  should  include,  as  a  minimum:  a)  dives 
and  ground  attack  maneuvers  required  in  normal  service  operation  and 
b)  level-flight  accelerations  at  maximum  augmented  thrust  from  250  kts 
or  VR/C,  whichever  is  less,  to  Vmav  at  any  altitude  when  the  aircraft  is 
trimmed  for  level  flight  prior  to  initiation  of  the  maneuver. 

...  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3. 2. 9. 8. 2  Pitch  axis  trim  systems  —  stalling  of  trim  systems 


A.  REASON  FOR  REQUIREMENT 

Large  control  hinge  moments  are  characteristic  of  flight  in  the 
transonic  speed  regime.  It  is  therefore  possible  that  the  trim  system 
would  become  ineffective.  In  addition,  aircraft  using  an  adjustable 
stabilizer  for  pitch  trim  are  susceptible  to  stalling  of  the  trim  actua¬ 
tor  under  certain  mistrim  conditions.  That  is,  if  sufficient  mistrim 
exists,  it  is  possible  for  resulting  aerodynamic  loads  to  exceed  the 
drive  capability  of  the  stabilizer  actuator. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.6. 1.3 

C.  STATEMENT  OF  REQUIREMENT 

3 . 2 . 9 . 8 . 2  Pitch  axis  trim  systems  —  stalling  of  trim  systems. 
Stalling  of  a  trim  system  due  to  aerodynamic  loads  during  maneuvers 
shall  not  result  in  an  unsafe  condition.  Specifically,  the  longitudinal 
trim  system  shall  be  capable  of  operating  during  the  dive  recoveries  of 

3. 2. 9. 7. 3  at  any  attainable  permissible  n,  at  any  possible  position  of 
the  trimming  device. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  basic  rationale  behind  this  requirement  is  obvious.  Not  so 
obvious  is  the  effect  of  mistrimming.  The  following  discussion,  taken 
from  Reference  173,  describes  the  problem. 

Mistrimming  will  occur  in  the  event  of  a  trim  runaway,  although  a 
runaway  is  an  unlikely  possibility.  Mistrim  is  more  probable  if  trim¬ 
ming  is  attempted  in  severe  turbulence.  Proper  trim  is  normally  estab¬ 
lished  by  trimming  to  a  zero  stick  force  reference.  In  the  rapidly 
changing  conditions  of  severe  turbulence,  no  stable  stick  force  refer¬ 
ence  is  available  and  trimming  attempts  are  likely  to  result  in  mistrim. 

Once  mistrim  exists,  some  of  the  elevator's  pitching  moment  contri¬ 
bution  must  go  to  oppose  the  pitching  moment  developed  by  the  mistrimmed 


stabilizer.  This  will  have  several  adverse  effects.  First,  some  of  the 
available  elevator  capability  goes  to  oppose  the  mistrimmed  stabilizer 
and  less  is  left  to  counter  any  adverse  gust-induced  pitching  motions. 
Second,  elevator  forces  will  be  Increased  and  may  complicate  recovery 
from  a  high-speed  dive.  Third,  and  perhaps  most  significant,  whenever 
the  elevator  opposes  the  stabilizer,  the  aerodynamic  load  on  the  sta¬ 
bilizer  may  reach  a  level  that  is  impossible  for  the  trim  actuator  to 
overcome. 

If,  for  example,  nose-down  trim  is  used  to  counter  the  airplane's 
pitch-up  response  to  a  vertical  downdraft,  the  airplane  will  pitch  down 
more  sharply  when  the  draft  reverses  in  direction.  Elevator  will  be 
used  to  counter  the  pitch-down  motion,  and  the  resulting  aerodynamic 
load  may  be  sufficient  to  stall  the  stabilizer  actuator.  As  speed 
increases,  the  adverse  effects  increase,  and  the  elevator  may  have 
insufficient  effect  to  counter  the  nose-down  forces  of  the  draft  and  the 
mistrimmed  stabilizer.  It  is  obvious  that  tuck  effects  may  also  compli¬ 
cate  the  picture,  and  it  is  significant  that  tuck  effects  cannot  be 
countered  by  a  Mach  trim  system  that  is  unable  to  move  the  stabilizer. 

E.  GUIDANCE  FOR  APPLICATION 

In  addition  to  high-speed  dives,  the  effect  of  mistrlm  should  be 
considered  when  utilizing  an  adjustable  stabilizer  for  pitch  trim. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Demonstrating  compliance  is  a  matter  of  placing  the  aircraft  in  a 
dive  at  the  maximum  permissible  speed  and  checking  operation  of  the 
pitch  trim  system.  However,  it  is  clear  that  full  nose-down  mistrlm 
should  be  accounted  for  in  these  dives.  For  example,  a  Boeing  720  with 

full  nose-down  trim  at  the  dive  entry  will  encounter  stalling  of  the 

pitch  trim  drive  in  the  dive  if  the  pilot  is  manually  attempting  to  pull 
out.  Judgment  will  have  to  be  applied  to  decide  if  the  mission  require¬ 
ments  should  allow  this  type  of  abuse.  See  "Lessons  Learned"  for  more 

discussion  of  this. 
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G.  SUPPORTING  DATA 


None* 

H.  LESSONS  LEARNED 

A  United  Airlines  Boeing  720B  encountered  stalling  of  the  pitch 
trim  actuator  during  a  turbulence  upset  over  O'Neill,  Nebraska,  on 
12  July  1963  (Reference  255).  The  aircraft  was  passing  through 

39,000  ft  in  a  climb  to  41,000  ft  in  IMC  conditions  when  severe  turbu¬ 
lence  was  encountered.  A  large  downdraft  was  encountered  and  the 
aircraft  pitch  attitude  increased  to  +60  deg!  This  occurred  despite 
application  of  full  forward  stick.  The  gust  then  reversed  to  a  large 
updraft,  putting  the  aircraft  into  a  severe  dive  with  an  estimated 
flight  path  angle  of  about  negative  35  deg.  The  pitch  trim  control  was 
reported  by  the  crew  to  be  "frozen"  in  the  dive.  Recovery  was  made  with 
power  (pullout  at  14,000  ft)  and  pitch  trim  control  was  restored. 

Two  other  turbulence  upsets  occurred  with  commercial  jet  transports 
(another  Boeing  720B  and  a  DC-8)  where  the  wreckage  of  both  aircraft 
showed  the  trim  actuator  in  the  full  nose-down  position.  The  frequency 
of  such  turbulence  upset  accidents  has  been  reduced  drastically  in 
recent  years  by  pilot  training  to  fly  loose  attitude  control  and  to 
essentially  ignore  large  airspeed  excursions  in  severe  turbulence.  How¬ 
ever,  the  possibility  of  entering  a  dive  with  full  nose-down  mistrim 
should  be  considered  in  the  design  process. 
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3. 2. 9. 8. 3  Pitch  axis  trim  systems  —  irreversibility 


A.  REASON  FOR  REQUIREMENT 

Pilot  workload  increases  significantly  if  the  pitch  trim  system 
drifts  or  changes  position.  This  requirement  is  intended  to  preclude 
such  undesirable  characteristics. 

B.  RELATED  MIL-P-8785C  REQUIREMENT 


3.  6. 1.4 


C.  STATEMENT  OF  REQUIREMENT 


3. 2.9.8. 3  Pitch  axis  trim  systems  —  irreversibility.  All  trimming 
devices  shall  maintain  a  given  setting  indefinitely  unless  changed  by 
the  pilot,  or  by  a  special  automatic  interconnect  (such  as  to  the  land¬ 
ing  flaps),  or  by  the  operation  of  an  augmentation  device.  If  an  auto¬ 
matic  interconnect  or  augmentation  device  Is  used  in  conjunction  with  a 
trim  device,  provision  shall  be  made  to  ensure  the  accurate  return  of 
the  device  to  its  initial  trim  position  on  removal  of  each  interconnect 
or  augmentation  command. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  bottom  line  for  a  trim  device  is:  it  must  make  the  pilot's  life 
easier.  Unintentional  changes  In  trim  position  will  serve  to  complicate 
his  job.  This  requirement  allows  for  trim  scheduling  or  interconnecting 
with  other  control  devices,  but  it  specifically  disallows  float  or 
drift.  In  addition  it  assures  that  removal  of  the  interconnect  or 
scheduling  does  not  leave  it  locked  in  an  undesirable  position. 

E.  GUIDANCE  FOR  APPLICATION 

Application  of  this  requirement  is  simple,  i.e.,  design  the  trim 
device  with  a  mechanical  linkage  that  will  move  only  when  directed. 


F.  DEMONSTRATE  Off  OF  COMPLIANCE 


While  flight  testing  must  he  conducted,  there  are  no  special  maneu¬ 
vers  required  to  prove  compliance*  The  flight  test  maneuvers  flown  for 
the  requirements  of  3.2.9  In  general  will  be  sufficient.  Of  especial 
Importance  are  sustained  maneuvers  at  n  f  1,  e.g.,  dives  and  dive 

recoveries,  pull-ups,  wind-up  turns,  with  the  cockpit  trim  setting  fixed 
throughout. 

6.  SUPPORTING  DATA 

None  available  or  required. 

H.  LESSORS  LEARNED 

None  available. 
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3.2.10  Pitch  Axla  Control  Displacements 

3.2.10.1  Pitch  axis  control  displacements  —  takeoff 

A.  REASON  FOR  REQUIREMENT 

This  requirement  insures  that  there  13  reserve  pitch  control  power 
during  takeoff  to  allow  regulation  against  gusts  or  pilot  abuses. 

B.  RELATED  MIL-E-8785C  REQUIREMENT 

3. 2.  3.  3. 2 

C.  STATEMENT  OK  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.2.10.1  Pitch  axis  control  displacements  —  takeoff.  With  the 
trim  setting  optional  but  fixed,  the  pitch-control  travel  during 
all  types  of  takeoffs  for  which  the  aircraft  Is  designed  shall  not 

exceed  _  percent  of  the  total  travel,  stop-to-stop.  Here  the  term 

takeoff  Includes  ground  run,  rotation  and  liftoff,  the  ensuing 
acceleration  to  V(nax  (TO),  and  the  transient  caused  by  assist  cessa¬ 
tion.  Takeoff  power  shall  be  maintained  until  Vmx  (TO)  is  reached, 
with  the  landing  gear  and  high-lift  devices  retracted  in  the  normal 
manner  at  speeds  from  VQ^  Co  Vmax 

The  recommended  maximum  pitch  control  displacement  is  75  percent  of 
total  travel  for  all  controller  types. 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  is  intended  to  insure  that  under  no  condition  will 
it  be  necessary  to  use  full  control  to  meet  the  operational  takeoff 
performance  requirements.  The  obvious  motivation  for  this  is  to  provide 
adequate  control  margin  during  takeoff  for  regulation  against  atmos¬ 
pheric  disturbances  or  pilot  abuses.  It  should  be  noted  that  the  use  of 
full  nose-up  pitch  control  during  the  early  phases  of  the  takeoff  roll 
is  usually  necessary  to  raise  the  nosewheel  on  soft  fields. 

E.  GUIDANCE  FOR  APPLICATION 

No  particular  guidance  is  felt  to  be  necessary. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Because  of  the  well-recognized  problems  in  modeling  aerodynamics  in 
ground  effect,  simulation  results  may  not  be  adequate  for  compliance 
with  this  requirement.  Flight  testing  performed  to  demonstrate 
compliance  with  3. 2. 9. 7.1  should  include  measurement  of  control 
displacements . 

G.  SUPPORTING  DATA 

None  available. 

H.  LESSONS  LEARNED 

None  available. 
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3.2.10.2  Pitch  axis  control  displacements  —  maneuvering 

4.  SEASON  FOR  REQUIREMENT 

There  is  evidence  that  stick  deflection  characteristics,  while 
secondary  to  force  characteristics,  are  still  important  to  the  pilot 
when  maneuvering. 

B.  RELATED  WL-F-8785C  REQUIREMENTS 
3. 2. 2. 2,  3.2. 2. 2. 2 

C.  STATEMENT  OF  REQUIREMENT 

3.2.10.2  Pitch  axis  control  displacements  —  maneuvering.  For  all 
types  of  pitch  controllers,  the  control  motions  in  maneuvering  flight 
shall  not  be  so  large  or  so  small  as  to  be  objectionable.  In  steady 
turning  flight  and  in  pullups  at  constant  speed,  the  incremental  control 
deflection  required  to  maintain  a  change  in  normal  load  factor  and  pitch 
rate  shall  be  in  the  same  sense  (aft  —  more  positive,  forward  —  more 
negative)  as  those  required  to  initiate  the  change. 

D.  RATIONALE  BEHIND  REQUIREMENT 

For  maneuvering  flight  it  is  necessary  that  control  motions  and 
displacements  be  comfortable  and  natural  to  the  pilot.  In  this  regard 
the  above  requirements  are  intended  to  assure  that  control  motion  and 
airplane  motion  are  in  harmony.  Controller  force/deflection  character¬ 
istics  are  specified  in  Paragraph  3. 2. 9. 4. 

E.  GUIDANCE  FOR  APPLICATION 

Proper  design  of  the  pitch  control  power  (3.2.8)  and  forces  (3.2.9) 
for  maneuvering  should  result  in  the  above  requirements  being  met.  How¬ 
ever,  these  requirements  function  as  final  tests  of  the  adequacy  of  the 
controller  specified  by  3.2.8  and  3.2.9. 


F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  should  provide  proof  of  compliance  with  these  re¬ 
quirements,  at  conditions  with  most  forward  and  most  aft  c«g«,  over  the 
load  factor  range  of  the  Service  Flight  Envelope,  The  subjective 
requirement  for  control  motions  to  be  "not  objectionable"  may  also  be 
Interpreted  as  "not  cause  a  degradation  in  Flying  Quality  Level,"  e«g«, 
control  motions  alone  should  not  degrade  a  Level  1  airplane  to  Level  2, 
etc, 

6.  SUPPORTING  DATA 

None, 

H.  LESSORS  LEARNED 

The  isometric  sidearm  controller  used  in  the  YF-16  and  F-16  was 
unacceptable  to  many  pilots  (see  References  124  and  125),  Their  primary 
objection  was  the  lack  of  tactile  cues  as  to  when  the  controller  was  at 
its  limit,  A  small  amount  of  motion  was  Incorporated  into  the  control¬ 
ler  that  has  been  adopted. 
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3.2.10.3  Pitch  axis  control  displacements  —  gust  regulation 


A.  SEASON  90S  REQUIREMENT 

Control  authority  (measured  in  this  section  by  displacement  and  sur¬ 
face  deflection  rates)  must  be  sufficient  for  the  aircraft  to  perform 
all  required  tasks  in  the  Operational  Flight  Envelope  in  the  presence  of 
atmospheric  disturbances. 

B.  RELATED  KH-F-8785C  REQUIREMENT 

3. 5.2. 3 

C.  STATEMENT  OP  REQUIREMENT 

3.2.10.3  Pitch  axis  control  displacements  —  gust  regulation.  The 
ability  of  the  aircraft  to  perform  operational  maneuvers  required  of  it 

shall  not  be  limited  in  the  _ atmospheric  disturbances  defined 

in  3.9  by  control  displacement  or  control  surface  deflection  rates.  For 
powered  or  boosted  controls,  the  effect  of  engine  speed  and  the  duty 
cycle  of  both  primary  and  secondary  control  together  with  the  pilot 
control  techniques  shall  be  included  when  establishing  compliance  with 
this  requirement. 

Recommended  disturbance  level:  Moderate 


D.  RATIONALE  BEHIND  REQUIREMENT 

Atmospheric  disturbances  in  the  form  of  gusts  should  not  result  in 
limitations  in  maneuvering  in  the  Operational  Flight  Envelope.  In  terms 
of  displacements  this  means  that  no  limitations  should  be  imposed  due 
solely  to  control  travel.  Since  ability  to  counter  gusts  includes  sur¬ 
face  rate  characteristics,  an  explicit  requirement  is  stated  for  deflec¬ 
tion  rates. 

The  last  statement  was  included  to  point  out  that  auxiliary  hydrau¬ 
lic  devices  may  use  up  significant  portions  of  the  available  hydraulic 
power  during  critical  phases  of  the  mission.  For  example,  actuation  of 
landing  gear,  flaps,  slats,  etc.,  during  the  landing  approach  when  the 
engines  are  operating  at  relatively  low  power  settings  could  drain 
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enough  hydraulic  power  to  make  it  difficult  for  the  pilot  to  make  a  safe 
approach,  especially  in  turbulence*  In  other  flight  conditions  with 
less  auxiliary  demand  or  higher  engine  thrust,  however,  that  same 
hydraulic  system  might  be  more  than  adequate*  Also,  at  high  dynamic 
pressure,  high  hinge  moments  may  limit  control  surface  rate  and 
deflection* 

In  precision  control  tasks  such  as  the  landing  approach  and  forma¬ 
tion  flying  it  has  been  observed  that  the  pilot  sometimes  resorts  to 
elevator  stick  pumping  to  achieve  better  precision  (see  References  113, 
120,  and  121).  This  technique  is  likely  to  be  used  when  the  short- 
period  frequency  is  less  than  the  minimum  specified  or  if  the  phugold  is 
unstable. 

While  specific  disturbances  are  listed,  the  evaluation  remains  some¬ 
what  qualitative* 

The  "required  operational  maneuvers"  are  commensurate  with  the 
particular  level  of  flying  qualities  under  consideration.  The  maneuvers 
required  in  Level  3  operation,  for  example,  will  normally  be  less  pre¬ 
cise  and  more  gradual  than  for  Level  1  and  2  operation.  In  some  cases 
this  may  result  in  lower  demands  on  control  authority  and  rates  for 
Level  3  operation.  Note,  however,  that  when  the  handling  characteris¬ 
tics  of  the  airplane  are  near  the  Level  3  limits,  increased  control 
activity  may  occur,  even  though  the  maneuvers  are  more  gradual. 

E.  GUIDANCE  FOR  APPLICATION 

Control  system  design  should  naturally  include  consideration  of  gust 
effects.  For  thorough  design,  the  turbulence  models  of  3.9  should  be 
applied.  By  this  point  in  the  design  process  the  pitch  control  gearing, 
surface  effectiveness,  etc.,  would  probably  be  well  defined,  and  appli¬ 
cation  of  this  requirement  would  be  straightforward. 

F.  DEMONSTRATION  OF  COMPLIANCE 

It  is  clearly  impractical  to  demand  flight  testing  to  demonstrate 
compliance  with  this  requirement.  Instead,  at  the  discretion  of  the 


procuring  activity,  compliance  may  be  shown  through  analysis  of  gust 
response  characteristics  using  either  an  analytical  model  or  a  piloted 
simulation,  involving  the  gust  models  of  3. 9.  Such  analysis  must 
include  not  only  the  normal  operational  maneuvers  involving  pitch 
controls,  but  also  the  critical  maneuvers  (especially  for  hydraulic 
actuation  systems)  which  may  limit  the  responsiveness  of  the  pitch 
control  surface.  As  mentioned  in  Paragraph  D,  these  might  Include 
extension  of  landing  gear  and  high-lift  devices  on  landing  approach, 
etc. 

A  modicum  of  common  sense  is  required  in  the  application  of  this 
requirement.  The  specific  levels  of  atmospheric  disturbance  to  be 
applied  are  not  specified.  Yet  Paragraph  3.9  contains  turbulence  up  to 
the  thunderstorm  level.  We  do  not  normally  require  operational 
maneuvering  in  thunderstorm  turbulence.  It  would  seem  reasonable  to 
require  operational  maneuvering  in  turbulence  intensities  up  to 
"moderate."  For  turbulence  Intensities  greater  than  moderate  it  seems 
reasonable  to  require  sufficient  maneuver  capability  for  loose  attitude 
control. 

G.  SUPPORTING  DATA 

None. 

H.  LESSORS  LEASHED 

None. 
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3.3 


HANDLING  QUALITY  REQUIREMENTS  FOR  VERTICAL  FLIGHT  PATH  AXIS 


3.3.1  Vertical  Axis  Response  to  Attitude  Change 

3. 3. 1.1  Vertical  axis  response  to  attitude  change  —  transient 
response 


A.  SEASON  FOR  REQUIREMENT 

This  requirement  is  included  to  provide  a  separate  and  independent 
criterion  for  flight  path  response  to  pitch  attitude  changes.  Two  cri¬ 
teria  are  necessary:  one  for  conventional  aircraft  where  pitch  attitude 
is  the  primary  means  for  flight  path  control;  the  second  for  STOL  air¬ 
craft  where  pitch  attitude  plays  a  secondary  role  in  path  control  and/or 
is  used  to  control  speed. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


None. 

C.  STATEMENT  OF  REQUIREMENT 

3. 3. 1.1  Vertical  axis  response  to  attitude  change  —  transient 


a)  The  short-term  flight  path  response  to  attitude 
changes  shall  have  the  following  characteristics: 


b)  If  a  designated  controller  other  than  attitude  is 

the  primary  means  of  controlling  flight  path,  the 
flight  path  response  to  an  attitude  change  can  be 
degraded  to  the  following: _ . 

c)  In  all  cases  the  pitch  attitude  response  must 

lead  the  flight  path  angle  by  _ 

and  must  have  a  magnitude  equal  to  or  greater 
than  the  flight  path  angle. 


Recommended  values:  Insufficient  data  available. 
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D.  RATIONALE  BEHIND  REQUIREMENT 


1.  Frontside  Operation 

Aircraft  operating  on  the  front  side  of  the  power-required  curve 
utilize  pitch  attitude  to  control  flight  path.  In  fact,  the  primary 
motivation  for  the  limits  set  In  3.2.1  is  to  provide  the  required  inner 
loop  which  will  allow  aggressive  precision  outer-loop  (path)  tracking 
characteristics.  A  block  diagram  depicting  the  pilot/vehicle  loop 
structure  for  this  situation  is  shown  in  Figure  3  (3. 2. 1.1).  As  shown 
in  that  block  diagram,  the  short-term  flight  path  response  is  related 
kinematically  to  the  aircraft  pitch  attitude  change  by 

1  =  1 
9  Te2s  +  i 

The  long-term  response  is  related  to  dy/dV,  which  of  course  depends  on 
where  the  operating  point  is  on  the  power-required  curve  (see  Para. 
3. 3. 1.2). 

The  equivalent  system  requirements  for  pitch  attitude  control  (see 
Para.  3. 2. 1.1)  involve  I/Tq^  directly  (t»» spTe 2  or  indirectly  [d)sp 
vs.  n/a  where  n/a  •  (UQ/g)( 1/Tq  )] .  Hence  these  requirements  appear  to 
involve  pitch  and  path  control  in  a  single  criterion.  However,  because 
the  experimental  data  used  to  develop  correlations  for  the  criteria  do 
not  contain  independent  variation  of  speed  and  1/T@2  (basically  all 
NT-33  data),  it  is  not  possible  to  determine  whether  the  boundaries  do 
indeed  account  for  path  as  well  as  pitch.  The  lack  of  availability  of 
such  data  also  makes  it  impossible  to  establish  a  quantitative  require¬ 
ment  for  this  paragraph.  However,  for  design  guidance,  1/T@2  should  be 
at  least  greater  than  the  values  specified  in  Figure  2  (3. 2. 1.1)  for 
Category  C. 

The  bandwidth  criterion  (3. 2. 1.2)  clearly  is  a  specification  on 
attitude  control  only  and  therefore  requires  a  separate  specification  on 
short-term  path  response,  i.e.,  minimum  value  of  1/T02*  Again  the 
values  specified  in  Figure  2  (3. 2. 1.1)  provide  reasonable  guidance  for 


Category  C.  These  limiting  values  are  repeated  in  Table  1  for  refer¬ 
ence.  The  values  of  (l/Ta.)  .  in  Table  1  are  simply  the  lover  bound- 

l  min 

aries  on  n/a  from  Figure  1  (3. 2. 1.1)  at  an  approach  speed  of  135  kt. 
Generally  speaking,  I/Tq^  Is  large  enough  to  be  of  no  concern  for  CTOL 
aircraft  in  the  Category  A  and  B  flight  phases,  and  hence  no  data  are 
available  to  establish  lover  limits. 


TABLE  1  (3. 3. 1.1) 


2.  Backside  Operation 

An  aircraft  operating  veil  on  the  back  aide  of  the  power-required 
curve  (dY/dV  positive)  must  rely  on  thrust  or  thrust  vectoring  for  path 
control.  Such  STOL  aircraft  usually  have  sufficiently  fast  engine 
response  characteristics  (or  some  type  of  blended  DLC)  that  allow  preci¬ 
sion  flight  path  tracking  with  the  throttles  (or  other  designated  flight 
path  controller).  The  control  of  pitch  attitude  becomes  much  less 
critical  and  hence  some  relaxation  in  the  Level  1  limits  should  be 
allowed.  One  objective  of  the  currently  ongoing  STOL  amendment  work 
will  be  to  provide  an  estimate  of  the  allowable  relaxation  in  the  atti¬ 
tude  criterion  as  a  function  of  the  quality  of  the  short-term  flight 
path  response  to  throttle  (or  designated  flight  path  controller). 

3.  Attitude/Path  Consonance 

Experience  has  shown  that  the  path  response  bandwidth  should  be  veil 
separated  from  the  pitch  response  bandwidth.  Evidence  to  support  this 
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result  Is  given  in  the  analysis  and  flight  test  results  obtained  by 
DFVLR  (using  an  HFB-320  in-flight  simulator)  and  reported  in  Refer¬ 
ence  269.  These  results  Indicate  that  an  appropriate  criterion  para¬ 
meter  would  be  the  phase  angle  between  path  and  attitude  at  the  short- 
period  frequency,  i.e., 


*(W0)  lu,^sp 

Noting  that  $  (y  /0 ) lmnDsp  “  tan_1  “spT0  2»  tlie  criterion  on  wspT02  (Para* 

3.2. 1.1)  can  be  easily  converted  to  $  (Y /S  )  with  the  results  shown 

sp 

in  Table  2.  The  advantage  of  using  <J>  (Y /0  )  Is  that  it  does  not 

sp 

require  a  LOES  fit  to  identify  iogp  and  Tq ^  when  the  bandwidth  criterion 
is  utilized.  It  should  be  recognized  that  the  values  in  Table  2  are  all 
based  on  the  same  NT-33  flight  test  data  as  the  LOES  boundaries  in 
3. 2. 1.1.  Until  more  data  can  be  obtained  to  indicate  pilot  rating 
trends  and  I/Tq^  is  varied  at  constant  a>gp,  it  is  felt  that  Table  2 
should  be  kept  in  the  category  of  guidance. 

Handbook  items  E  through  H  have  been  left  blank  until  more  data  can 
be  obtained  to  upgrade  the  recommendation  to  a  requirement. 


TABLE  2  (3. 3. 1.1) 

CONVERSION  OF  wgpTe2  TO  A  PHASE  ANGLE  CRITERION 


CATEGORY 

LEVEL 

MAXIMUM  ALLOWABLE 

*(W0)  |u)^,sp  (deg) 

1 

1.6 

-58 

A 

2 

1.0 

-45 

B 

1 

1.0 

-45 

2 

0.58 

-30 

1 

1.3 

-52 

2 

0.75 

-37 
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E.  GUIDANCE  TOR  APPLICATION 
?.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 

Not  enough  Information  Is  available  for  discussion  In  these  areas. 
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3.3. 1.2 


Vertical  axis  response  to  attitude  change  —  steady-state 
response 

A.  SEASON  FOR  REQUIREMENT 

The  accepted  piloting  technique  for  conventional  aircraft  Is  to 
adjust  flight  path  with  pitch  attitude.  This  requirement  Is  Included  to 
Insure  that  the  long-term  flight  path  response  to  pitch  attitude  changes 
is  acceptable  to  the  pilot. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3. 2. 1.3 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 3. 1.2  Vertical  axis  response  to  attitude  change  —  steady-state 
response.  For  aircraft  without  a  designated  secondary  flight  path  con¬ 
trol  the  steady-state  path  response  to  attitude  inputs  shall  be  as  fol¬ 
lows:  _ . 


Recommended  values :  Flight -path  stability  Is  defined  In  terms  of 
flight-path-angle  change  where  the  airspeed  is  changed  by  the  use  of 
pitch  control  only  (throttle  setting  not  changed  by  the  crew).  For  the 
landing  approach  Flight  Phase,  the  curve  of  flight-path  angle  versus 
true  airspeed  shall  have  a  local  slope  at  V_  that  is  negative  or  less 
positive  than: 


a.  Level  1: 

b.  Level  2: 

c .  Level  3: 


0.06  degrees /knot 
0. 15  degrees/knot 
0.24  degrees /knot 


The  thrust  setting  shall  be  that  required  for  the  normal  approach  glide 
path  at  vomin’  Ttle  slop®  the  curve  of  flight-path  angle  versus  air¬ 
speed  at  5  knots  slower  than  VQ  shall  not  be  more  than  0.05  degrees 
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per  knot  more  positive  than  the  slope  at  V°min 
sketch  below* 


as  illustrated  by  the 


DIFFERENCE  IN 
SLOPES  NOT  TO 
EXCEED  .05  DEG/KT 


D.  RATIONALE  BEHIND  REQUIREMENT 

Discussions  for  this  section,  as  well  as  the  "Supporting  Data"  sec¬ 
tion,  are  taken  from  the  MIL-F-8785B  BIUG,  Reference  11- 

Operation  on  the  ''backside"  of  the  drag  curve  in  the  landing  ap¬ 
proach  leads  to  problems  in  airspeed  and  flight-path  control.  Refer¬ 
ences  150,  151,  152,  and  153  show  that  airspeed  behavior,  when  elevator 
is  used  to  control  attitude  and  altitude,  is  characterized  by  a  first- 
order  root  that  becomes  unstable  at  speeds  below  minimum  drag  speed* 
This  closed-loop  instability,  even  when  the  open-loop  (unattended  air¬ 
plane)  phugoid  motion  is  stable,  is  caused  by  an  "unstable"  zero  in  the 
h/6g  airplane  transfer  function.  Specifically,  Reference  150  uses 
closed-loop  analyses  to  show  the  importance  of  the  factor  l/T^j  as 
an  indicator  of  closed-loop  system  stability  and  throttle  activity 
required*  A  useful  measure  of  the  quantity  1/Tj^  is  needed. 

Working  from  the  altitude-to-elevator  transfer  function.  Refer¬ 
ence  10  shows  that  1/T^j  is  closely  approximated  by  the  ratio  D/C,  where 
D  and  C  are  defined  implicitly  as  follows: 
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T 


hfa)  _  _ As3  +  Bb2  +  Cs  +  D _ 

6e<s>  (s2  +  2Cp<i)p8  +  wjn(s2  +  2c8ptaap8  +  u»2p) 

The  additional  assumption  that  C  is  approximately  equal  to 

-  M^Z*)] 

is  generally  valid,  so  that: 


1  .  D 

Thl  “  v'U^M*  - 


The  climb-angle-to-elevator  transfer  function  is  as  follows: 

Y  (s)  m  h(s)  _  1 _ Aa^  +  Bs2-fCs-fD _ 

6e<s)  v  Ms)  v  (s2  +  2Cpt^>s  +  u2)(s2  +  2c8ptosps  +  (o|p) 

Applying  the  limit  value  theorem,  for  a  step  <5e  (<5e/s)  the  slope  of  the 
steady-state  y  versus  $e  curve  is  equal  to  the  value  of  this  transfer 
function  when  s  approaches  zero,  so  that: 

i]L  _  Ha2_l  .  I  D- 

d<se  6e(s)|3S  v  “p^sp 

In  a  similar  manner,  the  slope  of  the  steady-state  u  versus  6e  curve  is 
obtained: 

s(26e^w  “  ^5e2w) 

^“sp 


du  u(8) 

d5e  *  6e(a) 
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Therefore,  the  slope  of  the  steady-state  y  versus  u  curve  for  elevator 
Inputs  Is 


il  _  d?/d6e  =  _1  _ _ D _ 

du  du/d6e  g  V[Z5eMw  - 


Using  the  expression  for  1/Tj^,  we  finally  obtain 


41 

du 


±  _1_ 
8  Thj 


If 

The  dy/du  limits,  therefore,  set  limits  on  1/Tj^. 

The  limit  on  dy/du  at  5  knots  slower  than  vomin  was  added  to  assure 
that  the  airplane  remains  tractable  at  commonly  encountered  off-nominal 
speeds* 

For  design  purposes,  dy/du  can  be  estimated  from  the  dimensional 
stability  derivatives  as  follows: 


4X 

du 


4X 

du 


lx 

Zu  ~  (Zde/M6eK 

X*e 

MyZw  ]j 

\Xw  ~  v) 

Zw  “  (Z6e/M6e)Mw 

M«e 

L-Zw  +  MwlZ6e/M6eJj( 

K  ‘  v) 

Zu  -  (z6e/M6e)Mu 

X«e 

2  2 
Wp 

I 

1/T92 

M«e 

gU/T02) 

i 

For  My  and  X$e  small,  the  following  approximation  is  valid  except  for 
very-short-tailed  airplanes: 


41 

du 


*The  earlier  Reference  233  contains  a  similar  approximate  analysis 
of  1/T.  . 
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It  is  possible  to  violate  this  requirement  by  operating  well  on  the  back 
side  of  the  power-required  curve  (dy/du  »  0)  and  still  have  a  Level  1 
airplane  as  long  as  some  other  means  of  controlling  flight  path  is  pro¬ 
vided  (usually  power).  Naturally  the  "secondary  flight  path  controller" 
must  have  acceptable  characteristics.  For  example,  if  thrust  is  desig¬ 
nated  as  the  flight  path  controller,  good  flight  path  response  to 
changes  in  thrust  ("*/$!') gg  ®ust  be  assured.  Although  there  are  no 
quantitative  data  to  support  this,  it  seems  logical  that  progressively 
degraded  y/9  can  be  compensated  with  incremental  improvements 

in  (Y/5f)  .  Examples  of  aircraft  that  have  poor  (y/0)ss  character- 
s  s 

istics  but  are  acceptable  because  flight  path  control  is  augmented  with 
thrust  are  the  de  Havilland  Twin  Otter,  the  DHC-7,  and  many  carrier- 
based  fighters  (e.g..  Reference  150).  Requirements  on  y/6j  are  speci¬ 
fied  in  3.3.2  based  on  STOL  aircraft  research. 

E.  GUIDANCE  FOR  APPLICATION 

Since  backside  operation  (defined  when  dy/du  >  0)  is  most  critical 
during  landing  approach,  this  requirement  is  oriented  toward  that  Flight 
Phase.  It  is  also  troublesome  for  takeoff,  cruise,  and  high-altitude 
maneuvering,  but  it  will  probably  not  be  as  critical  as  for  the  landing 
approach,  and  there  are  virtually  no  data  to  define  numerical  limits  for 
these  Flight  Phases. 

In  the  event  the  aircraft  is  operated  with  a  continuous  flight  path 
controller  (e.g.  DLC  on  the  YC-15),  which  serves  to  (hopefully)  improve 
the  flight  path  response,  this  requirement  would  not  be  applied.  The 
reader  should  instead  consult  3. 3. 1.2.1,  "Relaxation  for  aircraft  with 
designated  flight  path  controller." 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  climb-angle-versus-airspeed  data  used  to  demonstrate  compliance 
can  be  obtained  during  the  3tabilized-airspeed  tests  for  static  sta¬ 
bility  at  low  airspeeds. 


321 


By  the  nature  of  the  way  in  which  the  climb-angle-versus-airapeed 
criterion  was  developed,  the  climb  angle  to  be  measured  is  the  climb 
angle  relative  to  the  air,  not  the  ground.  This  fact  is  mentioned  for 
the  benefit  of  flight-test  engineers  contemplating  use  of  Doppler  radar 
or  ground-based  tracking  equipment  to  obtain  the  data.  If  such  methods 
are  used,  the  wind  must  be  calm,  or  at  least  constant  and  accurately 
measured. 

The  most  straightforward  method  is  probably  to  use  a  well-calibrated 
airspeed  indicator  and  an  accurate  measure  of  vertical  speed,  such  as  a 
radar  altimeter.  The  climb  angle  is  then  equal  to 

.  _1  Vertical  speed 
8  n  |  True  airspeed 

Still  air  is  necessary  in  any  case,  to  minimize  data  scatter. 
Because  of  thrust  effects  it  has  been  found  necessary  to  keep  altitude 
excursions  small  (less  than  1000  ft)  to  get  an  acceptably  accurate  curve 
of  flight  path  angle  versus  speed.  The  trim  flight-path  angle  can  have 
a  marked  effect  on  the  results;  the  range  of  glide  slopes  expected  In 
the  operational  and  training  mission  should  be  tested. 

G.  SUPPORTING  DATA 

The  1/T^j  data  used  to  set  numerical  limits  on  dy/du  are  given  in 
References  120,  154-157. 

It  is  apparent  from  Figures  1-3  (frou  Reference  120)  that  pilot 
ratings  of  1/Tjjj  are  dependent  on  the  value  of  ?p.  For  Level  1,  3.2. 1.1 
requires  cp  >  0.04;  greater  damping  might  result  from  autothrottle  or 
similar  augmentation.  Therefore  the  positive  Cp  data  of  Figure  1  were 
used  to  establish  the  Level  1  requirement  for  1/T^j  or  dy/dV*  (The  data 
from  Figures  2-4  are  obviously  too  conservative  for  Level  1.  The  con¬ 
figurations  for  Figure  2  had  u)3p  marginally  close  to  the  lower  Level  1 
boundary;  while  those  for  Figure  4  were  downrated  because  of  the  pitch 
response  to  horizontal  gusts  caused  by  Mu«)  For  Levels  2  and  3,  the 
zero-cp  data  seem  appropriate: 
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2).  Landing  Approach  Figure  4  (3. 3. 1.2).  Landing  Approach 

Reference  120)  (T-33,  Reference  120) 


Level  2 


Level  3 


1/Thl  >  -0.08  1/Thi  >  -0.12 

1/Thl  >  -0.05  1/Thl  >  -0.08 

From  Figure  3,  with  near-zero  Cp: 

Level  2  Level  3 

1/Thl  >  -0.05  1/Thl  >  -0.12 

From  Figure  4,  with  high  5  but  In  turbulence: 

Level  2  Level  3 

1/Thl  >  -0.05  1/Thl  >  -0.12 

Combinations  of  Level  2  or  3  values  of  l/Tj^  with  low  cp,  (i>sp,  or  both 
appear  worse  than  cases  with  high  Cp  and  iogp.  With  these  considerations 
In  mind,  1/Thj  ■  -0.02  was  chosen  for  the  Level  1  boundary,  -0.05  for 
Level  2,  and  -0.08  for  Level  3.  These  values  of  1/Thl  correspond  to  the 
dy/dV  values  specified:  multiply  1/T^  by  -(57.3) (1.689)/(32.2)  »  -3. 

The  ground  simulator  experiment  of  Reference  155  altered  1/Tj^  by 
changing  and  X^,  and  also  considered  the  Influences  of  thrust-line 
inclination  and  thrust-line  offset  on  the  flying  qualities.  There  are 
very  limited  data  for  thrust-line  offset,  and  the  decision  was  made  to 
assume  that  designers  will  take  reasonable  steps  to  keep  the  offset  as 
small  as  possible.  The  data  for  zero  thrust-line  offset  are  presented 
In  Figure  5  for  different  values  of  thrust-line  inclination.  The  data 
do  seem  to  indicate  that  some  thrust-line  inclination  is  desirable,  but 
the  variations  in  rating  due  to  inclination  are  well  within  the  scatter 
of  the  data  considered  as  a  whole. 

The  data  from  ground  simulator  experiments  of  References  154  and  157 
are  presented  In  Figure  6.  It  should  be  mentioned  that  only  the  data 
for  the  highest  static  margin  In  Reference  154  are  presented  because  the 
lower  static  margins  result  in  values  of  wsp  that  are  too  low  for 
Level  1. 


325 


AVEIMC 

COOfCR 

MTIHi 


l/T„  ~  RAD/ SEC 
"l 


Figure  5  (3. 3. 1.2).  Carrier  Approach  (Ground  Simulator 
Experiment,  Reference  155) 
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Figure  6  (3. 3. 1.2).  SST  Landing  Approach  (Ground 
Simulator  Experiments,  References  154  and  157) 
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The  data  from  the  In-flight  experiment  of  Reference  156  are  pre¬ 
sented  In  Figure  7.  There  are  several  factors  that  Influence  Interpre¬ 
tation  of  this  data.  First,  the  pilot  rating  scale  used  Is  a  modified 
version  of  the  Cooper  scale  and  Is  rather  difficult  to  Interpret. 
Second,  the  "speed  stability"  was  changed  by  altering  3T/3V  as  well  as 
3T/3a,  which  means  that  unstable  values  of  "speed  stability"  were  accom¬ 
panied  by  negative  values  of  phugold  damping.  Since  the  "speed  sta¬ 
bility"  was  altered  In  this  experiment  by  using  engine  thrust,  the  pilot 
could  use  the  engine  noise  as  an  airspeed  cue.  The  final  (and  probably 
most  significant)  factor  is  that  most  of  the  approaches  were  flown  VFR, 
with  a  ground  controller  supplying  continuous  flight-path  information  by 
radio  using  a  theodolite.  Reference  156  states  that  this  type  of  tech¬ 
nique  resulted  in  very  tight  control  of  flight  path.  A  few  approaches 
were  made  using  precision-approach  radar;  these  were  much  more  difficult 
for  the  pilot  to  successfully  accomplish.  The  relationship  between  the 
"speed  stability"  parameter  I/T2  of  Figure  7  and  l/Tj^  Is  as  follows: 
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Figure  7  (3. 3. 1.2).  Landing  Approach 
v’AVRO  707,  Reference  156) 
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The  primary  problem  with  Figure  7  seems  to  be  that  the  majority  of  the 
data  points  are  for  VFR  approaches  with  unusually  good  flight-path 
Information  available  to  the  pilot  (see  Reference  156). 

H.  LESSONS  LEARNED 

There  have  been  numerous  aircraft  that  have  been  judged  as  unaccept¬ 
able  because  of  backside  characteristics.  The  most  recent  of  these  is 
the  F-16,  which  has  notable  deficiencies  (Reference  125)  in  the  landing 
approach  flight  condition.  These  deficiencies  were  specifically  attri¬ 
buted  to  "flight  path  instabilities."  dy/dV  at  the  approach  angle  of 
attack  (13  deg)  was  0.15  (Level  2).  It  was  also  noted  that  pitch  atti¬ 
tude  control  was  imprecise,  which  compounded  the  problem. 
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3. 3. 1.2.1  Relaxation  for  aircraft  with  designated  flight  path 
controller 


A.  SEASON  FOE  REQUIREMENT 

This  requirement  represents  a  relaxation  to  3. 3. 1.2  for  aircraft 
equipped  with  a  specific  flight  path  controller.  Such  a  relaxation  Is 
warranted  since  the  primary  control  of  long-term  flight  path  can  be 
accomplished  with  some  control  other  than  pitch  attitude. 

B.  RELATED  HIL-F-8785C  REQUIREMENT 


3.6.2 


C.  STATEMENT  OF  REQUIREMENT 

3. 3. 1.2.1  Relaxation  for  aircraft  with  designated  flight  path  con¬ 
troller.  For  aircraft  with  a  designated  secondary  flight  path  control 
the  required  flight  path  response  to  attitude  changes  is  _ . 

D.  RATIONALE  BEHIND  REQUIREMENT 

For  most  conventional  aircraft  this  requirement  Is  not  applicable. 
For  such  aircraft  as  STOLs,  where  primary  control  of  flight  path  is  not 
with  pitch  attitude,  a  relaxation  of  3. 3. 1.2  (i.e.,  operation  well  on 
the  back  side)  should  be  allowed.  A  STOL  amendment,  currently  under 
development,  will  address  requirements  such  as  this. 

E.  GUIDANCE  FOR  APPLICATION 

F.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 


No  information  Is  available  at  this  time. 
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3.3.2 


3. 3. 2.1 


3. 3. 2. 2 


Vertical  Axis  Response  to  Designated  Flight  Path  Controller 


Vertical 

axis 

response  to 

designated 

flight 

path 

control- 

ler  —  transient  response 

Vertical 

axis 

response  to 

designated 

flight 

path 

control- 

ler  —  steady-state  response 


A.  SEASON  FOR  REQUIREMENTS 


These  requirements  are  intended  to  be  the  primary  flight  path  con¬ 
trol  criteria  for  STOL  aircraft.  These  aircraft  operate  well  on  the 
back  side  of  the  power-required  curve  and  therefore  use  a  designated 
controller  other  than  pitch  attitude  (such  as  throttle)  to  control 
flight  path. 


B.  RELATED  MU.-F-8785C  REQUIREMENT 


3.6.2 


C.  STATEMENT  OF  REQUIREMENTS 

3.3.2. 1  Vertical  axis  response  to  designated  flight  path  control¬ 
ler  —  transient  response.  When  used  as  a  primary  controller  the 
short-term  flight  path  response  to  designated  flight  path  controller 
inputs  shall  have  the  following  characteristics:  _ . 

3. 3. 2. 2  Vertical  axis  response  to  designated  flight  path  control¬ 
ler  —  steady-state  response.  At  all  flight  conditions  the  flight  path 
controller  will  produce  flight  path  motions  in  the  same  direction  as  the 
applied  control  and  which  are  of  the  same  sign  as  the  steady-state 
values. 

D.  RATIONALE  BEHIND  REQUIREMENTS 

There  is  a  large  body  of  data  for  STOL  flight  path  control  with 
thrust  and  DLC  devices.  These  data  will  be  incorporated  into  these 
paragraphs  during  development  of  the  STOL  amendment. 
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E.  GUIDANCE  FOE  APPLICATION 

F.  DEMON STRATIOH  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSORS  LEASHED 

None. 
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3.3.3  Vertical  Axis  Response  to  Other  Inputs 

3. 3. 3.1  Vertical  axis  response  to  auxiliary  controls.  stores 
release,  and  armament  delivery 

3.3. 3. 2  Vertical  axis  response  to  failures 

A.  REASON  FOR  REQUIREMENTS 


Changes  in  the  flight  path  to  infrequent  but  anticipated  Inputs  must 
not  be  objectionable  to  the  pilot. 


B.  RELATED  MH-F-8785C  REQUIREMENTS 
3.4.6,  3.4.7,  3.4.8,  3.4.9 

C.  STATEMENT  OF  REQUIREMENTS 


3.3.3  Vertical  Axis  Response  to  Other  Inputs 

3. 3. 3.1  Vertical  axis  response  to  auxiliary  controls,  stores 
release,  and  armament.  There  shall  be  no  objectionable  transients  in 
flight  path  response  due  to  the  use  of  other  auxiliary  controls,  or 
stores  or  armament  release. 

3.3. 3.2  Vertical  axis  response  to  failures.  No  single  failure  of 
any  component  or  system  shall  result  in  objectionable  flying  qualities. 

D.  RATIONALE  BEHIND  REQUIREMENTS 


Requirements  are  needed  in  the  vertical  axis  that  correspond  to 
similar  statements  in  the  other  axes.  Ultimately  a  more  thorough  set  of 
requirements  should  be  developed. 

E.  GUIDANCE  FOR  APPLICATION 

F.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 


Supportive  discussions  for  these  areas  should  be  developed  as  more 
information  becomes  available. 
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3. 3. A  Flight  Path  Control  Power 

3.3.4. 1  Control  power  for  designated  primary  flight  path  controller 

3. 3. 4. 2  Control  power  for  designated  secondary  flight  path  control¬ 
ler 

3.3.5  Flight  Path  Controller  Characteristics 


A.  SEASON  FOR  REQUIREMENTS 


This  set  of  requirements  defines  the  effectiveness  and  cockpit  char¬ 
acteristics  of  the  designated  flight  path  controller.  They  are  oriented 
toward  STOL  aircraft. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 


3. 5. 2.1 


C.  STATEMENT  OF  REQUIREMENTS 


3.3.4  Flight  Path  Control  Power 

3.3.4. 1  Control  power  for  designated  primary  flight  path  control¬ 
ler.  If  a  separate  control  is  provided  for  direct  lift  or  flight  path 
it  shall  be  capable  of  producing  the  following  changes  In  flight  path 

_  following  full  actuation  of  the  controller.  This 

shall  be  accomplished  with  pitch  attitude  held  fixed  and  the  speed 
trimmed  for  _ . 


3. 3. 4. 2  Control  power  for  designated  secondary  flight  path  control¬ 
ler.  The  secondary  controller  shall  be  sufficient  to  produce  the  fol¬ 
lowing  changes  in  flight  path:  _ . 

3.3.5  Flight  Path  Controller  Characteristics.  The  breakout,  cen¬ 
tering,  and  force  gradient  characteristics  of  the  designated  flight  path 
controller  shall  be  within  the  following  limits: 

Breakout:  ± _  lb 

Centering:  ±  _  X 

Force  gradient:  _ 
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D.  RATIONALE  BEHIND  REQUIREMENTS 

These  requirements  are  grouped  together  because  of  their  similar 
purposes,  and  because  there  is  not  enough  data  to  recommend  values  for 
them.  A  STOL  amendment  for  the  MIL  Standard  will  provide  guidance. 

E.  GUIDANCE  FOR  APPLICATION 

P.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 

No  information  is  available  at  this  time. 
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3.4  HANDLING  QUALITY  REQUIREMENTS  FOR  LONGITUDINAL  (SPEED)  AXIS 

3.4.1  Speed  Response  to  Attitude  Changes 


A.  REASON  FOR  REQUIREMENT 


This  requirement  Is  Intended  to  insure  that  the  aircraft  will  not 
diverge  in  attitude  and  speed  during  intermittent  periods  of  unattended 
pilot  operation. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.2. 1.1 


C.  STATEMENT  OF  REQUIREMENT 

3.4.1  Speed  Response  to  Attitude  Changes. 

a.  The  correlation  between  airspeed  and  pitch  atti¬ 
tude  shall  be  as  follows:  _ . 

b.  For  Levels  1  and  2  there  shall  be  no  tendency  for 
the  airspeed  to  diverge  aperiodically  when  the 
aircraft  pitch  attitude  is  disturbed  from  trim  by 
any  means.  This  requirement  shall  be  considered 
satisfied  if  the  gradient  of  pitch  control  force 
with  airspeed  is  negative.  Demonstration  of  posi¬ 
tive  phugoid  damping  in  Paragraph  3.2.1  shall  also 
be  accepted  as  evidence  of  compliance. 

c.  For  Level  3,  the  airspeed  divergence  characteris¬ 
tics  must  be  within  the  following  limits:  _ . 


Recommendation  for  Requirement  a: 

Transient  Response.  For  rapid  attitude  changes 
the  short-term  airspeed  change  should  be  in  the 
same  direction  as  the  final  value. 

Steady  State  Response.  For  a  fixed  positive 
change  in  attitude  from  trim,  airspeed  should  not 
increase.  This  applies  over  a  speed  range  of  ±15 
percent  about  trim  or  ±50  kt,  whichever  is  less. 
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Recommendation  for  Requirement  c: 

It  Is  recommended  that  the  time  for  airspeed  to 
double  amplitude  following  a  pitch  attitude  dis¬ 
turbance  from  trim  be  not  less  than  6  seconds. 
Additionally,  airspeed  divergences  should  not  be 
allowed  in  the  presence  of  one  or  more  other 
Level  3  flying  qualities  unless  the  flight  safety 
of  that  combination  of  characteristics  can  be 
demonstrated. 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  insures  positive  static  stability  for  Levels  1 
and  2  and  limits  the  amount  of  negative  static  stability  for  Level  3. 
It  also  requires  that  the  airspeed  track  the  pitch  attitude  in  the 
conventional  way  (decreasing  airspeed  decreases  with  increasing  pitch 
attitude)  both  in  the  long-  and  short-term  response. 

Static  stability  means  that  restoring  pitching  moments  are  generated 
when  the  airspeed  is  disturbed  from  trim.  Airspeed  is  easily  measured 
inasmuch  as  it  is  always  available  as  a  cockpit  display.  Furthermore, 
in  most  circumstances  airspeed  is  more  meaningful  to  most  pilots  than 
angle  of  attack. 

From  a  piloting  standpoint,  pitch  attitude  is  the  primary  longitu¬ 
dinal  control  variable.  Pilots  quickly  learn  that  good  control  of  pitch 
attitude  leads  to  good  control  of  airspeed  and  flight  path.  Hence  it 
would  seem  possible  that  the  desire  for  angle-of-attack  stability  is 
more  related  to  pitch  attitude  than  airspeed.  Evidence  to  support  this 
point  of  view  can  be  found  in  good  pilot  acceptance  of  rate  command/ 
attitude  hold  augmentation,  which  has  zero  static  stability  in  the 
classical  sense  (airspeed  stability).  In  fact,  for  all  but  the  most 
unconventional  aircraft,  this  requirement  is  redundant  with  the  require¬ 
ments  on  pitch  attitude  in  Paragraph  3.2.1.  It  is  retained  in  this 
standard  primarily  to  insure  acceptable  airspeed  response  character¬ 
istics  for  augmented  aircraft  that  may  have  unconventional  airspeed 
responses  to  changes  in  pitch  attitude. 
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8.  GUIDANCE  FOR  APPLICATION 

Aircraft  that  meet  the  equivalent  phugoid  and  short-period  require¬ 
ments  of  Paragraph  3. 2. 1.1  should  automatically  meet  the  requirements  of 
this  section  because  of  the  inherent  relationships  between  pitch  atti¬ 
tude  and  airspeed.  However,  aircraft  with  some  form  of  direct  force 
control  (such  as  DLC  or  autothrottles)  may  modify  the  classical 
attitude/airspeed  relationship  significantly.  For  example,  a  tight 
autothrottle  loop  will  result  in  essentially  zero  airspeed  change  with 
changes  in  pitch  attitude.  In  some  flight  conditions  it  is  conceivable 
that  the  autothrottle  could  result  in  increasing  airspeed  with  increas¬ 
ing  pitch  attitude.  Such  undesirable  characteristics  would  be  dis¬ 
allowed  by  this  requirement. 

F.  DEMONSTRATION  OF  COMPLIANCE 

This  requirement  will  be  considered  satisfied  If  the  gradient  of 
pitch  control  force  with  airspeed  is  negative,  i.e.,  the  aircraft  will 
return  to  its  trim  angle  of  attack  after  a  disturbance.  There  seems  no 
reason  to  require  a  stable  pitch  control  displacement  gradient  with 
airspeed  inasmuch  as  a  stable  force  gradient  assures  a  convergent  air¬ 
speed  response.  Moreover,  insisting  on  a  stable  control  position 
gradient  results  in  significant  restriction  in  the  aft  c.g.  limit,  which 
of  course  limits  aircraft  utility.  Downsprings  and  bobweights  are 
utilized  to  augment  the  stick  force  gradient  when  the  stick  position 
gradient  is  zero  on  many  successful  aircraft,  although  overdoing  that 
can  induce  a  dynamic  instability. 

It  is  well  recognized  that  the  stick  force  gradient  with  airspeed  is 
an  important  flying  quality  metric.  Unfortunately,  there  seems  to  be  no 
general  agreement  on  what  constitutes  the  lower  boundary.  Hence  we 
require  only  that  the  gradient  be  less  than  zero. 

A  succinct  description  of  measurement  techniques  for  compliance  with 
this  requirement  appeared  as  Appendix  IVA  of  Reference  11.  It  is  appro¬ 
priate  to  reprint  that  description  here. 
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The  obvious  method  for  determining  the  stick  force  gradient  is  to 
first  trim  the  aircraft  and  then  use  the  pitch  attitude  control  alone  to 
change  and  restabilize  airspeed,  leaving  the  throttle  and  trimmer  con¬ 
trols  at  their  trim  settings.  The  altitude,  of  course,  will  vary 
constantly  during  this  test;  but  careful  programming  of  the  test 
sequence  can  keep  the  altitude  within  reasonable  bounds,  for  subsonic 
speeds  at  least.  At  low  speed  this  test  gives  an  excellent  indication 
of  phugoid  stiffness  or  any  divergent  roots,  though  it  is  time  consum¬ 
ing.  But  at  higher  speeds,  larger  altitude  changes  are  encountered 
during  the  runs.  Then  the  lack  of  any  unique  relation  between  altitude 
and  speed  can  cause  difficulty,  because  compressibility  effects  are 
functions  of  both  h  and  V.  For  example,  gross  differences  in  apparent 
"stability"  are  common  transonically  between  results  of  airspeed  varia¬ 
tion  at  constant  Mach  number  and  results  of  Mach  variation  at  constant 
airspeed.  Neither  of  these  latter  two  tests  gives  the  desired  result, 
which  is  an  indication  of  long-term  stability. 

The  acceleration-deceleration  method  is  a  popular  method  because  it 
is  the  quickest.  After  trimming,  the  aircraft  is  decelerated  to  the 
specified  lower  limit  of  Che  speed  range  by  reducing  power  and  holding 
altitude  constant  with  the  elevator.  The  aircraft  is  next  accelerated 
to  the  maximum  specified  speed  and  then  decelerated  to  the  trim  speed. 
All  this  is  done  at  constant  altitude.  The  method  is  fast,  and  provides 
an  almost  infinite  number  of  data  points,  because  data  can  be  recorded 
continuously  during  the  maneuver.  One  practical  problem,  however,  is 
that  unless  the  pilot  changes  power  slowly  and  moves  the  elevator 
smoothly  so  that  normal  acceleration  is  held  very  close  to  1.0,  the  data 
will  include  unwanted  contributions  from  <$e/n  (constant  speed). 

At  low  speeds,  the  control  force  versus  airspeed  gradients  obtained 
from  the  above  two  methods  will  be  essentially  equal.  At  high  speeds, 
the  gradients  will  differ  by  a  factor  that  depends  on  altitude  and  air¬ 
speed.  The  difference  is  primarily  due  to  the  fact  that  large  altitude 
changes  accompany  small  airspeed  changes  during  high-speed  flight  at 
constant  throttle.  This  means  that  air  density  and  the  speed  of  sound 
will  vary  appreciably  during  static  stability  tests  using  the  stabilized 


method,  but  not  during  acceleration-deceleration  tests.  It  is  not 
obvious  which  type  of  test  most  accurately  measures  "static  stability." 
It  is  obvious,  however,  that  the  stabilized  method  is  very  time  consum¬ 
ing  and  exhibits  poor  repeatability  for  high-speed  flight  conditions. 
For  this  reason,  the  acceleration-deceleration  method  is  generally 
preferable  for  testing  at  high  speeds. 

A  possible  source  of  error,  which  can  accompany  the  acceleration- 
deceleration  tests,  should  be  mentioned.  This  error  is  often  present 
because  the  tests  are  usually  conducted  using  off-trim  throttle  set¬ 
tings.  The  pitching  moment  and  vertical  force  changes  with  speed  at  an 
off-trim  throttle  setting  may  be  significantly  different  from  those 
obtained  at  the  trim  throttle  setting.  Unless  the  engine  thrust  and 
slipstream  effects  due  to  changing  throttle  and  airspeed  are  known 
before  the  test,  it  is  obvious  that  the  control  force  and  position  data 
trust  be  obtained  with  the  throttles  at  their  trim  settings. 

In  view  of  the  above  discussion,  the  following  techniques  are  recom¬ 
mended  as  a  reasonable  compromise  between  accuracy  and  practicality.  At 
low  speeds  where  the  altitude  changes  associated  with  constant-throttle 
airspeed  changes  are  small  and  where  operation  near  the  stall  speed  is 
required,  the  constant-power  stabilized-airspeed  method  works  very 
nicely.  At  high  speeds  (say  M  >  0.4)  where  the  altitude  excursions 
associated  with  the  stabilized-airspeed  method  become  larger,  economy 
considerations  dictate  that  some  form  of  the  acceleration-deceleration 
method  be  employed.  To  insure  that  the  results  of  the  test  give  a 
reasonable  indication  of  throttle-fixed  stability,  the  following  proce¬ 
dure  should  be  used.  After  trimming  the  aircraft,  reduce  throttle  and 
allow  the  airplane  to  decelerate  at  constant  altitude  to  the  low  end  of 
the  desired  speed  range,  taking  no  data.  When  the  desired  speed  is 
reached,  advance  the  throttle  to  the  trim  setting  and  hold  normal  accel¬ 
eration  as  close  to  1.0  g  as  is  possible  without  use  of  abrupt  control 
movements.  The  reverse  procedure  should  be  used  for  speeds  above 
the  trim  speed.  Data  should  only  be  taken  during  the  acceleration  and 


deceleration  runs  where  the  throttle  is  at  the  trim  setting.*  For 
climbing  or  descending  Flight  Phases,  other  appropriate  throttle 
settings  should  be  used;  but  the  acceleration-deceleration  runs  are 
still  to  be  conducted  in  level  flight. 

In  testing  for  compliance,  if  the  control  gradients  obtained  for  a 
number  of  trim  points  are  stable  over  the  specified  speed  range,  rela¬ 
tively  few  additional  trim  points  will  be  needed.  If  an  unstable  region 
is  found  far  from  the  trim  point,  however,  the  test  should  be  repeated 
with  the  aircraft  trimmed  closer  to  the  unstable  region;  the  airplane 
may  or  may  not  be  stable  within  the  specified  speed  range  about  the  new 
trim  point. 

Aircraft  having  certain  types  of  SAS,  such  as  rate-command/attitude- 
hold  or  maneuver-command  systems,  will  have  zero  stick  force  gradients 
with  airspeed.  For  these  aircraft,  the  flight  tests  conducted  to 
satisfy  the  phugoid  stability  requirements  of  Paragraph  3. 2. 1.1  should 
be  utilized  to  show  compliance  with  this  paragraph. 

C.  SUPPORTING  DATA 

The  data  supporting  this  requirement  are  the  same  as  the  data 
supporting  the  phugoid  requirement  in  Paragraph  3. 2. 1.1. 

H.  LESSONS  LEARNED 

The  requirement  for  a  convergent  airspeed  response  for  acceptable 
flying  qualities  is  well  recognized.  Recent  experience  in  testing 
modified  control  laws  on  the  F-16  have  shown  that  some  level  of  speed 
stability  is  necessary  in  the  approach  flight  condition.  The 
augmentation  insures  good  attitude  stability  with  or  without  angle  of 
attack  feedback.  However,  pilots  indicated  that  the  speed  cue  (provided 


The  combined  effect  of  thrust  and  acceleration  can  be  seen  by  com¬ 
paring  acceleration  and  deceleration  data,  but  for  showing  specification 
compliance  only  the  data  for  the  trim  throttle  setting  are  pertinent. 


by  the  angle  of  attack  feedback)  was  necessary  to  avoid  Inadvertent 
stalls  near  the  ground* 

The  allowance  of  a  divergent  airspeed  response  for  Level  3  Is  based 
on  ground-based  and  ln-fllght  simulation  studies  related  to  the  Boeing 
SST,  the  B-l,  and  other  configurations  that  have  shown  the  apparent 
feasibility  even  of  Instrument  landing  with  Instabilities  as  great  as 
6  seconds  to  double  amplitude* 
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3.4. 1.1 


Speed  response  to  attitude  changes 
sonic  flight 


—  relaxation  In  tran- 


A.  REASON  FOR  REQUIREMENT 

Aircraft  naturally  exhibit  local  Instabilities  in  the  transonic 
region.  Considering  that  operation  in  this  region  is  almost  always 
transient  in  nature,  it  seems  reasonable  to  allow  limited  levels  of 
static  instability. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3.  2. 1.1.1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.4. 1.1  Speed  response  to  attitude  changes  —  relaxation  in  tran¬ 
sonic  flight.  The  requirements  of  3.4.1  may  be  relaxed  in  the  transonic 
speed  range  as  follows:  _ . 

Recommended  values  (provided  any  divergent  aircraft  motions  with 
speed  are  gradual  and  not  objectionable  to  the  pilot): 


a.  Levels  1  and  2:  For  centerstick  controllers,  no 

local  force  gradient  should  be  more  unstable  than 
3  pounds  per  0.01  M  nor  should  the  force  change 
exceed  10  pounds  in  the  unstable  direction.  The 
corresponding  limits  for  wheel  controllers  are 

5  pounds  per  0.01  M  and  15  pounds,  respectively. 

b.  Level  3:  For  centerstick  controllers,  no  local 

force  gradient  should  be  more  unstable  than 

6  pounds  per  0.01  M  nor  should  the  force  ever 
exceed  20  pounds  in  the  unstable  direction.  The 
correspondings  limits  for  wheel  controllers  are 
10  pounds  per  0.01  M  and  30  pounds,  respectively. 

This  relaxation  should  not  be  applied  to  Level  1 
for  any  Flight  Phase  which  requires  prolonged 
transonic  operation. 
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0.  RATIONALE  BEHIND  REQUIREMENT 

The  extent  of  the  region  that  may  be  considered  transonic  has  been 
left  unspecified  because  of  the  difficulty  In  stating  a  definition  that 
can  be  applied  with  generality.  It  is  not  the  intent  to  define  the 
transonic  region  as  that  where  a  relaxation  is  necessary;  such  a  defini¬ 
tion  would  leave  essentially  no  requirement  for  stability.  For  aircraft 
that  do  not  have  supercritical  wings,  the  lower  end  of  the  transonic 
region  might  be  taken  as  the  drag-rise  Mach  number.  The  upper  bound 
might  be  the  Mach  number  at  which  the  lift  and  drag  approach  the 

classical  (M2  cos2  A  -  l)-^2  variation  with  freestream  Mach  number, 

where  A  is  the  sweepback  angle.  In  any  case  the  relaxation  is  not  meant 
to  apply  at  any  flight  condition  at  which  an  operational  mission 

requires  prolonged  operation. 

E.  GUIDANCE  FOR  APPLICATION 

Since  phugoid  oscillations  involve  speed  changes,  all  speeds  at 

which  operational  missions  might  require  prolonged  flight  should  be 
reasonably  far  removed  from  the  region  of  transonic  trim  changes. 
Otherwise,  normally  encountered  disturbances  would  cause  divergence. 

A  statement  should  be  included  in  the  detailed  system  definition  for 
each  procurement  delineating  if  the  relaxation  is  to  be  applied  and  for 
which  Flight  Phases. 

F.  DEMONSTRATION  OF  COMPLIANCE 
See  discussion  for  3.4.1. 

G.  SUPPORTING  DATA 
None  required. 

H.  LESSONS  LEARNED 
None  required. 
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3.4.5 


Speed  Axis  Controller  Characteristics 


A.  REASON  FOR  REQUIREMENTS 


These  requirements  delineate  responses  in  the  speed  axis,  both  to 
the  designated  speed  controller  and  to  other  inputs.  They  are  oriented 
toward  STOL  aircraft. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 
3.4.6,  3.4.7,  3.4.8,  3.4.9,  3.5.2. 1 

C.  STATEMENT  OF  REQUIREMENTS 


3.4.2  Speed  Response  to  Speed  Controller 

3 . 4 . 2 . 1  Speed  response  to  speed  controller  —  transient  response. 
The  short-term  airspeed  response  to  the  designated  speed  controller 
shall  have  the  following  characteristics:  _ . 

3. 4. 2. 2  Speed  response  to  speed  controller  —  steady-state  re¬ 
sponse.  The  steady-state  airspeed  response  to  a  step  change  of  the 
designated  speed  controller  shall  have  the  following  characteristics: 


3.4.3  Speed  Axis  Response  to  Other  Inputs.  There  shall  be  no  air¬ 
speed  responses  due  to  use  of  other  controls,  stores  or  armament 
release,  configuration  changes,  or  failures  of  any  system  or  subsystem 
that  result  in  objectionable  flying  qualities. 

3.4.4  Speed  Axis  Control  Power.  The  speed  controller  shall  be  cap¬ 
able  of  providing  the  following  range  of  speeds  throughout  the  Opera¬ 
tional  Flight  Envelope:  _ . 


3.4.5  Speed  Axis  Controller  Characteristics. 

a)  Breakout  forces  shall  not  exceed  _ . 

b)  Friction  shall  be  adjustable  from _ lb  to  _ lb. 

c)  Displacements  shall  be  sufficient  to  provide  from  idle 

to  full  thrust  and  shall  not  be  so  large  or  so  small 
as  to  be  objectionable.  The  average  control  gradient 
shall  not  be  less  than  _ . 

D.  RATIONALE  BEHIND  REQUIREMENTS 

This  block  of  requirements  covers  a  large  percentage  of  the  speed 
axis  requirements.  They  have  been  presented  as  a  set  here  because, 
while  there  is  clear  justification  for  all  of  them,  there  is  not  enough 
data  collected  to  date  to  discuss  any  of  them  in  detail.  The  require¬ 
ments  are  oriented  toward  STOL  aircraft  such  as  the  YC-14,  which  had  a 
separate  speed  controller.  It  is  expected  that  some  information  in  this 
area  will  be  uncovered  during  work  on  the  STOL  amendment. 

E.  GUIDANCE  FOR  APPLICATION 

F.  DEMONSTRATION  OF  COMPLIANCE 

G.  SUPPORTING  DATA 

H.  LESSONS  LEARNED 

The  YC-14  experience  should  be  investigated  for  lessons  learned  in 
this  araa.  Especially  relevant  would  be  the  speed  control  characteris¬ 
tics  of  the  Coanda  flaps  in  wind  shear. 
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3.5 


HANDLING  QUALITY  REQUIREMENTS  FOR  ROLL  AXIS 


3.5.1  Roll  Response  to  Roll  Controller 

3. 5. 1.1  Roll  axis  lower-order  equivalent  system  requirements 

3. 5. 1.1.1  Roll  mode 

A.  REASON  FOR  REQUIREMENT 

This  requirement  is  directed  at  precision  of  control  in  the  roll 
axis.  For  aircraft  that  exhibit  classical  spiral  (large  spiral  time 
constant)  and  dutch  roll  (low  |$/0|)  characteristics,  the  equivalent 
roll  mode  time  constant  (TR)  describes  the  airplane  roll  damping.  For 
airplanes  with  a  roll  rate  response  that  is  not  easily  approximated  by  a 
first  order,  an  alternative  specification  such  as  bandwidth  may  be  in 
order. 

B.  RELATED  HIL-F-8785C  REQUIREMENT 


3. 3. 1.2 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 5. 1.1.1  Roll  mode.  The  equivalent  roll  mode  time  constant,  TR, 
shall  be  no  greater  than  the  following:  _ . 

Recommended  values:  For  the  equivalent  roll  rate  transfer  function 
defined  as  follows,  the  maximum  equivalent  roll  mode  time  constant,  TR, 
is  given  in  Table  1: 

P  Kp(0)(^,  c^e'V 

Fas  “  tl/TsJLl/TRJUd".  «dj 

The  equivalent  system  should  be  fit  to  the  higher-order  system  using 
algorithms  similar  to  those  specified  in  Appendix  A,  over  the  frequency 
range  from  0.1  rad/sec  to  10,0  rad/sec. 
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TABLE  1  (3. 5. 1.1.1) 


RECOMMENDED  MAXIMUM  ROLL -MODE  TIME  CONSTANT  (Seconds) 


FLIGHT 

PHASE 

CATEGORY 

CLASS 

LEVEL 

1 

2 

3 

A 

I,  IV 

1.0 

1.4 

II,  III 

1.4 

3.0 

B 

All 

1.4 

3.0 

10 

C 

I,  il-C,  IV 

1.0 

1.4 

II-L,  III 

1.4 

3.0 

If  the  roll  response  Is  classical  in  nature  (i.e.,  defined  by  the 
spiral,  dutch  roll,  and  roll  modes),  conventional  techniques  may  be 
utilized  to  determine  TR  (see,  for  example.  Reference  11,  Appendix  VB). 

D.  RATIONALE  BEHIND  REQUIREMENT 

There  are  considerable  data  to  show  that  pilot  rating  is  a  function 
of  roll  damping,  for  example  Figure  1  (from  Reference  37).  Roll  damp¬ 
ing  is  generally  expressed  in  terms  of  the  first-order  roll  mode  time 
constant,  TR,  of  the  roll  rate  response  following  a  step  rolling  moment 
input.  Therefore,  a  direct  requirement  on  TR  has  been  specified. 

E.  GUIDANCE  FOR  APPLICATION 

The  considerable  advances  made  in  modeling  higher-order  aircraft 
responses  with  equivalent  systems  have,  largely,  been  only  for  the  pitch 
axis.  Similar  work  is  clearly  necessary  in  the  roll  and  yaw  axes.  It 
is  expected  that  application  of  this  requirement  will  involve  some  sort 
of  reduced-order  matching,  whether  it  be  by  frequency  (Appendix  A)  or 
time  (Reference  11)  domain  techniques.  At  this  time  inadequate  informa¬ 
tion  exists  to  supply  significant  guidance  for  applying  equivalent 
systems  to  meet  this  requirement. 

Limits  for  the  other  parameters  in  the  p/Fgg  transfer  function. 
Equation  1,  are  given  in  other  paragraphs  in  this  Handbook. 
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Il^lf  ■l-Ul'l  ■  IMIIIP'I 


•cooper  scale 


Ol  0  5  10  5  0  10  0  50  0  1000 

1  D 


Figure  1  (3. 5. 1.1.1).  Ratings  Versus  Roll  Damping  —  Flight 
Test,  Moving-Base,  Fixed  Base  with  Random  Input 
(from  Reference  37) 


F.  DEMONSTRATION  OF  COMPLIANCE 

Compliance  is  easily  demonstrated  through  flight  testing  at  the 
minimum  and  maximum  specified  operational  altitudes,  over  the  range  of 
service  speed,  with  the  airplane  configured  for  maximum  rolling  moment 
of  inertia. 

The  roll  rate  response  to  a  step  roll  control  input  for  airplanes 
with  conventional  response  is  usually  made  up  of  three  distinct  modes: 
the  roll  mode,  the  spiral  mode,  and  the  dutch  roll  mode.  If  linearity 
is  assumed,  the  principle  of  superposition  applies.  Then  any  point  on 
the  roll  rate  trace  at  any  given  time  must  be  the  sum  of  these  three 
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modes  at  that  time*  Therefore,  if  the  three  modes  can  be  Identified  on 
the  roll  rate  trace,  it  is  possible  to  extract  the  roll  mode  time  con¬ 
stant,  TR* 


The  p/fa8  response  function,  given  in  Equation  1,  can  be  transformed 
ie  d 

following  a  step  roll  control  input  is  given  by: 


to  the  time  domain*  Assuming  xe^  is  small,  the  roll  rate  time  history 


«a 


step 


Kse“t/Ts  +  KRe“c/TR  +  Kje-5^^  co8  [md/l  -  c|t  +  <|>p  ] 


For  a  normal  airplane,  the  roll  mode,  characterized  by  the  first- 
order  time  constant,  TR,  takes  on  the  following  form  following  a  step 
aileron  input : 


Methods  of  extracting  values  of  TR  from  flight  test  data  are  given  in 
Reference  11. 

G.  SUPPORTING  DATA 

The  MIL-F-8785B  BIUG  (Reference  11)  contained  a  concise  description 
of  data  available  for  development  and  support  of  the  recommended  values 
of  Table  1.  The  following  discussion  is  primarily  taken  from  Refer¬ 
ence  11. 
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1*  Level  l  Requirements 


The  starting  point  for  specification  of  the  criteria  was  the  recom¬ 
mendation  pertaining  to  roll  mode  time  constant  given  In  References  37 
and  38.  Both  references  report  on  extensive  surveys  of  roll  flying 
qualities  and  so  were  directly  applicable  to  this  effort.  Reference  38 
proposes  a  maximum  Tr  -  1.3  seconds  for  Class  IV  airplanes  and 
Tr  -  1.5  seconds  for  all  other  classes  (Figure  2).  From  theoretical 
considerations  and  from  analysis.  Reference  37  concluded  that,  "The 
maximum  value  of  TR  considered  satisfactory  is  about  1.3  to  1.5;  and 
there  is  no  strong  evidence  in  existing  data  or  theory  for  allowing  this 
value  to  Increase  with  airplane  size  or  mission."  While  there  is  still 
no  strong  evidence  to  indicate  that  the  requirements  can  be  relaxed, 
several  reports  on  in-flight  evaluations  (References  16,  44,  and  46) 
indicate  that,  for  Class  I  and  IV  airplanes  performing  precision  tasks, 
even  lower  values  of  TR  are  required  to  obtain  satisfactory  flying 
qualities . 

Reference  44  (Figures  3,  4,  and  5)  shows  that  maximum  satisfactory 
Tr  for  fighter  aircraft  for  a  carrier  approach  is  approximately 
1  second.  Reference  46  (Figure  6)  shows  that  with  a  Tr  *  1.3  seconds, 
the  best  pilot  rating  obtained  was  5  and  in  conclusion  stated,  "Because 
of  the  roll  control  difficulties  the  pilot  experienced  with  the  long 
roll  mode  time  constant  configuration,  it  was  concluded  that  a  roll  mode 
time  constant  of  1.3  seconds  or  greater  is  unsatisfactory  for  a  fighter 
mission."  One  prominent  manufacturer  of  fighter  aircraft  stated  that 
fighter  aircraft  should  have  a  TR  •  0.6  to  0.8  seconds.  Reference  16 
indicates,  from  consideration  of  time  required  to  reach  maximum  roll 
rate,  that  Class  I  and  small  Class  II  aircraft  require  reasonably  short 
roll  mode  time  constants  as  well. 
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ConmluMitiMty.  L(g.  rad/MC1  par  «cK 


Figure  2  (3.5. 1.1.1).  Proposed  Roll  Performance 
Requirements  (MIL-F-8785)  for  Class  III 
Aircraft  (from  Reference  45) 


Figure  3  (3.5. I. 1.1).  Lateral  Control 
Boundaries  (from  Reference  44) 
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Figure  4  (3.5. 1.1.1).  Lateral  Flying  Qualities 
Boundaries  (Lg  vs.  Tg,  Cj  -  0.1) 

(fro*  Reference  44) 


Figure  5  (3. 5. 1.1.1).  Lateral  Flying  Qualities 
Boundaries  (Lg  vs.  Tg,  tg  ■  0.4) 

(from  Reference  44) 


Figure  6  (3. 5. 1.1.1).  Pilot  Ratings  and  Optimum  Aileron  Sensitivity 
(Medium  U/Sl^,  Long  TR)  (from  Reference  46) 
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The  data  of  Reference  38  (Figures  7  through  11)  have  been  widely 
referenced  and  Interpreted,  as  for  example  in  References  37  and  45.  It 
should  be  noted,  however,  that  the  ln-flight  evaluations  in  Reference  38 
were  all  for  TR  less  than  0.8  seconds  (Figure  10)  and  any  conclusions 
about  roll  mode  time  constants  longer  than  0.8  seconds  would  be  based  on 
the  ground  simulation  data  only.  In  general,  the  in-flight  ratings  of 
Reference  38  were  worse  than  for  the  single-degree-of-f reedom  ground 
simulation  ratings  (Figure  11).  This  Indicates  that  the  presented  one- 
degree-of -freedom  data  (Figure  9)  may  be  a  little  optimistic.  This 
difference  in  pilot  ratings  was  discussed  in  Reference  38: 

The  principal  argument  is  that  the  pilots'  opinion  of 
roll  performance  was  adversely  influenced  by  the  cou¬ 
pling  between  the  modes  of  motion  which  exist  to  some 
degree  in  all  airplanes,  but  which  for  airplane  D  and 
for  the  low  speed  range  of  airplane  F  [see  Figure  10] 
were  excessive,  and  which  the  single-degree-of-freedom 
analysis  used  herein  obviously  does  not  take  into  ac¬ 
count.  However,  for  airplane  F,  as  the  speed  was  in¬ 
creased  the  rolling  motions  approached  those  described 
by  a  single-degree-of-freedom  system  and  correspond¬ 
ingly  the  actual  pilot  rating  approached  the  predicted 
rating.  Secondary  factors  which  may  have  contributed 
to  the  above  trend,  wherein  the  actual  rating  was 
greater  than  the  predicted,  were  objectionable  control 
system  dynamics  and  control  system  forces  which  may 
have  been  present. 

So  the  simulator  data  (Figures  7  and  8)  may  be  considered  to  represent 
"ideal"  aircraft. 

Since,  in  general,  a  knee  occurs  in  most  of  the  data  at  approxi¬ 
mately  TR  *  1  second  (Figure  1),  and  since  TR  »  l  second  is  at  least 
consistent  with  all  pertinent  data,  this  value  of  TR  has  been  selected 
as  the  recommended  Level  1  limit  for  Class  I,  II-C,  and  IV  airplanes  for 
Flight  Phase  Category  C,  and  for  Class  I  and  IV  airplanes  for  Flight 
Phase  Category  A. 

For  Class  I  and  IV  airplanes  performing  Flight  Phase  Category  3 
tasks,  and  for  Class  II-L  and  III  airplanes  performing  all  tasks,  avail¬ 
able  data  support  a  maximum  value  of  TR  -  1.3  to  1.5  seconds;  an  average 
value  of  Tr  ■  1.4  seconds  was  selected.  Ground  simulator  data  in  Refer¬ 
ence  43  tend  to  support  this  value  for  large  aircraft  (cross-hatched 
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Variation  of  Pilot  Opinion  Figure  8  (3. 5. 1.1.1).  Variation  of  Pilot  Opinion 

Constant  Values  of  TR  with  for  Constant  Values  of  TR  as 

the  Stationary  Flight  Obtained  from  the  Moving  Flight  Simulator 

■nm  Reference  38)  (from  Reference  38) 


Figure  9  (3.5. 1.1.1).  Comparison  of  Pilot  Figure  10  (3.5. 1.1.1).  Range  of  Parameters 

Opinion  Boundaries  Obtained  from  the  Fixed  L$  <$a  ,  and  TR  Covered  in  the  Flight 

and  Moving  Flight  Simulators.  (From  Av^&gation,  Shown  in  Comparison 

Reference  38)  with  the  Motion  Simulator  Derived 

Boundaries  (from  Reference  38) 


Predicted  pilot  roting 


Figure  11  (3.5.1. 1.1).  Comparison  of  In-Flight  Pilot-Opinion 
Rating  with  Those  Predicted  from  Flight  Simulator 
Boundaries  (from  Reference  38) 


curves  in  Figure  1);  and  in-flight  data  in  Reference  39  for  small  Class 
II  airplanes.  Flight  Phase  Category  B  (Figure  12),  support  a  TR  at  least 
greater  than  1.2  seconds. 

An  additional  consideration  that  is  demonstrated  by  much  of  the 
data,  for  example  References  44  and  49,  is  that  the  required  TR  is,  to  a 
degree,  determined  by  the  value  of  Lg  or  1 4> /0 1 The  in-flight  data  of 
Reference  44  (Figures  4  and  5)  show  this  dependence  directly.  In  the 
opinion  of  the  author  of  Reference  49,  the  main  reason  for  the  differ¬ 
ences  between  the  data  of  Reference  49  and  the  data  to  which  it  is 
compared  (see  Figure  13)  is  that  the  Reference  49  ground  simulator  data 
were  based  on  a  much  larger  value  of  1$/$!^  response  ratio.  In  addi¬ 
tion,  the  lack  of  an  adequate  flight  path  display  for  the  simulated 
high-speed  condition  (M  «  1.2)  of  Reference  49  may  have  contributed. 
The  pilot  ratings  of  both  the  Reference  49  and  44  data  are  degraded 
because  of  the  response  to  atmospheric  disturbances.  This  phenomenon  is 
discussed  in  the  substantiation  for  the  paragraph  covering  the  response 
to  atmospheric  disturbances. 
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2.  Level  2  Requirements 


References  37  and  45  do  not  make  recommendations  that  pertain  to 
Level  2  criteria  as  they  did  for  Level  1.  However,  using  available 
pilot  rating  data,  it  is  possible  to  select  values  of  TR  that  are  con¬ 
sistent  with  available  data. 

Examination  of  Figure  1  (from  Reference  37),  which  summarizes  data 
from  References  38  and  43,  shows  that  for  a  change  in  pilot  rating  from 
3-1/2  to  5  or  5-1/2,  TR  goes  from  approximately  1.3  to  3  seconds.  Thus, 
even  though  the  Reference  38  data  are  based  on  a  fighter  mission,  che 
data  do  indicate  the  gradient  of  pilot  rating  with  TR  over  the  above 
noted  ranges.  Reference  46  indicates,  from  in-flight  evaluations,  that 
for  fighter  aircraft  performing  precision  and  maneuvering  tasks,  the 
pilot  ratings  degraded  to  marginally  acceptable  for  TR  values  of  1.3  to 
1.6  seconds.  For  large  airplanes,  Reference  47  suggests  TR  values  of 
2.3  seconds  for  the  satisfactory  level,  and  6  seconds  for  the  acceptable 
level;  however,  these  levels  are  probably  associated  with  somewhat 
poorer  flying  qualities  than  are  Cooper-Harper  Levels  1  and  2.  The 
Level  2  recommendations  were  selected  from  these  considerations 

3.  Level  3  Requirement 

A  Level  3  value  of  TR  =  10  seconds  is  relatively  arbitrary  but  is 
based  on  data  of  Reference  49  (Figure  13)  for  fighter  aircraft.  While 
the  selected  value  of  TR  cannot  be  vigorously  defended,  it  does  legis¬ 
late  against  unstable  roll  modes  while  permitting  effective  accelera¬ 
tion-like  responses  to  control  inputs  such  as  can  be  obtained  on 
wingless  vehicles. 

H.  LESSONS  LEARNED 

A  comprehensive  series  of  flight  tests  was  recently  conducted  on  the 
USAF/Calspan  variable  stability  NT-33  to  investigate  the  effect  of 
higher-order  system  dynamics  on  lateral  handling  qualities  ("LATHOS"  for 
lateral  high-order  systems,  Reference  258).  The  effect  of  roll  mode 
time  constant  obtained  in  LATHOS  is  given  in  Figure  14.  Values  of  TR 
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Figure  14  (3.5. 1.1.1).  Effect  of  Roll  Mode  —  LATHOS 
(Reference  258),  Category  A 


existing  Level  1  boundary  were  tested.  However,  the  data  for  1/TR  grea¬ 
ter  than  1  supports  the  current  boundary  (TR  <  1.0  sec)  up  to  a  value  of 
1/Tr  *  3  (Tr  =  0.33).  For  1/TR  greater  than  3  the  pilot  ratings  show  a 
consistent  degradation,  a  trend  that  is  not  included  in  the  current 
requirement.  The  pilot  comments  for  these  cases  center  about  excessive 
lateral  abruptness  and  roll  ratcheting.  These  results  are  supported  by 
the  fact  that  some  modern  airplanes  equipped  with  high-gain  command 
augmentation  systems  (CAS)  have  short  TR  and  also  experience  excessive 
lateral  sensitivity  which  has  been  described  as  roll  ratcheting.  CAS 
characteristics  which  may  alleviate  roll  ratcheting  are  discussed  at 
length  in  Para.  3.5.10.3.  The  following  will  examine  only  the  effects 
of  low  values  of  TR. 
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Several  examples  of  ratcheting  are  shown  in  Figures  10,  12,  and  13 
of  Para,  3.5.10.3.  The  phenomenon  is  characterized  by  near-limit-cycle 
oscillations  at  frequencies  between  2  and  3  cycles  per  second  (12  and 
18  rad/sec),  well  above  the  frequency  of  pilot  control  in  the  roll  axis. 
The  apparent  dominant  factor  in  ratcheting  is  excessive  control  gain 
(l.e.,  stick  sensitivity)  at  these  high  frequencies.  It  has  been  sug¬ 
gested  (Reference  266)  that  the  root  cause  of  ratcheting  is  related  to 
pilot  closed-loop  response  to  lateral  acceleration  cues:  with  a  reason¬ 
able  pilot  lag,  a  closed-loop  instability  can  exist  when  TR  is  too 
short. 

Another  possible  explanation  for  ratcheting  is  physiological  in 
nature.  That  is,  since  the  mass  combination  of  pilot  hand/arm  and  con¬ 
trol  stick  are  subjected  to  abrupt  lateral  accelerations,  the  effect 
would  be  that  of  a  "bobweight"  which  would  feed  b  k  to  the  aircraft. 
This  phenomenon  has  been  related  to  longitudinal  pilot-induced  oscilla¬ 
tions  (Reference  225).  Experiments  conducted  at  the  Air  Force  Aerospace 
Medical  Research  Laboratory  (AMRL)  investigated  pilot  control  perfor¬ 
mance  while  experiencing  sinusoidal  lateral  vibrations  (Reference  267). 
A  simple  roll-bar-tracking  maneuver  with  a  well-behaved  controlled  ele¬ 
ment  was  utilized.  Figure  15  compares  results  of  this  experiment  with 
an  analytical  model  for  stick  deflection  response  to  lateral  accelera¬ 
tions.  Pilot  closed-loop  tracking  was  at  around  5  rad/sec,  while  an 
oscillatory  arm/stick  ''bobweight"  mode  occurred  at  about  2  cycles  per 
second  (12  rad/sec)  —  near  the  frequencies  of  the  observed  ratcheting 
oscillations  in  the  LATHOS  experiment. 

Several  solutions  to  the  problem  of  excessive  sensitivity  have  been 
found.  These  are  discussed  in  conjunction  with  the  roll  sensitivity 
discussion  in  Para.  3.5.10.3.  Those  solutions  are  to:  1)  decrease  the 
stick  sensitivity  around  neutral;  2)  minimize  the  augmented  aircraft 
value  of  1/TR;  and  3)  add  a  low-frequency  stick  prefilter  with  a  break 
frequency  of  at  least  10  1/sec. 

Reduction  of  stick  sensitivity  for  CAS-equipped  aircraft  is  rela¬ 
tively  straightforward.  Use  of  nonlinear  gradients  (p/Fag)  on  LATHOS 
reduced  the  sensitivity  only  slightly  but  improved  pilot  ratings  from  7 
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Figure  15  (3. 5. 1.1.1).  Comparison  of  Models  and  Data  for 
Closed-Loop  Stick  Deflection  Responses  Under 
Lateral  Vibration  (Reference  267) 

to  4  [see  Figures  14  (3.5.10.3)  and  15  (3.5.10.3)].  It  is  clear  that 
low  sensitivity  around  neutral  is  essential  for  acceptable  flying  quali¬ 
ties. 

Prefilters  in  the  forward  path  were  found  to  alleviate  ratcheting  on 
both  LATH0S  and  the  YA-7D  DIGITAC  (Reference  265).  The  time  constants 
of  the  filters  were  well  into  the  range  of  pilot  crossover  (1/Tp  around 
3  rad/sec),  and  their  effect  as  observed  by  the  pilot  was  to  smooth  air¬ 
craft  response  (i.e.,  increase  TR).  However,  this  should  not  be  con¬ 
sidered  as  a  practical  fix  to  the  problem  of  sensitivity,  since  the  air¬ 
craft  response  to  outside  disturbances  might  still  be  unacceptably 
abrupt.  More  importantly,  prefilters  can  add  considerable  equivalent 
time  delay  to  the  system.  In  the  longitudinal  axis,  a  first-order  lag 
of  3  rad/sec  adds  about  0. I  sec  to  overall  [see  Figure  9a  (3. 2.1.1)]. 
For  the  T-33  LATHOS  experiment,  where  basic  Tg  due  to  actuators  was 
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small  (0.028  sec),  this  was  not  significant.  But  on  a  highly  augmented 
aircraft  where  structural  filters,  sensor  filters,  digital  time  delay, 
etc.,  may  already  contribute  considerable  lag,  a  prefilter  could  make 
the  aircraft  totally  unacceptable  due  to  excessive  time  delay.  The 
effect  of  time  delay  on  pilot  rating  was  considerable  in  the  LATHOS 
experiment  as  shown  in  Figure  1  (3. 5. 1.1.5). 

In  summary,  a  large  value  of  1/TR  appears  to  result  in  excessive 
gain  at  high  frequencies  (see  Figure  16)  which  seems  to  be  the  root 
cause  of  roll  ratcheting.  This  can  be  alleviated  to  some  extent  by 
reducing  the  stick  gain  for  small  inputs,  i.e.,  most  high-frequency 
control  activity  occurs  with  low  magnitude  [see  Figure  2  (3.5.10.3)]. 
However,  resisting  the  temptation  to  overaugment  1/TR  seems  to  be  the 
best  overall  solution.  Even  then,  some  nonlinear  stick  shaping  will 
most  likely  be  required  (see  Figure  2  (3.5.10.3)]. 


\ 

Figure  16  (3. 5. 1.1.1).  Effect  of  1/TR  on  High 
Frequency  Gain 
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3. 5. 1.1. 2  Spiral  stability 

A.  REASON  FOR  REQUIREMENT 


The  requirements  on  spiral  stability  are  aimed  primarily  at  insuring 
that  the  airplane  will  not  diverge  too  rapidly  in  bank  from  a  wings- 
level  condition  during  periods  of  pilot  inattention. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.  3. 1.3 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 5. 1.1.2  Spiral  stability.  The  combined  effects  of  spiral  sta¬ 
bility,  flight-control-system  characteristics  and  rolling  moment  change 
with  speed  shall  be  such  that  the  bank  angle  response  shall  have  the 

following  characteristics:  _  following  a  disturbance  in  bank 

of  up  to  20  degrees.  This  requirement  shall  be  met  with  the  airplane 
trimmed  for  wings-level,  zero-yaw-rate  flight  with  the  cockpit  controls 
free. 


TABLE  1  (3. 5. 1.1.2) 

SPIRAL  STABILITY  —  RECOMMENDED  MINIMUM 
TIME  TO  DOUBLE  AMPLITUDE 


FLIGHT  PHASE 
CATEGORY 

LEVEL  1 

LEVEL  2 

LEVEL  3 

A  and  C 

12  sec 

8  sec 

4  sec 

B 

20  sec 

8  sec 

4  sec 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  spiral  mode,  characterized  by  slow  rolling  and  yawing  responses 
to  a  roll  disturbance,  is  generally  not  a  problem  for  the  pilot  during 
fully  attended  operations  (air  combat,  landing,  etc.).  However,  spiral 
divergence  during  low-gain  tasks  can  be  a  nuisance  and  even  a  dangerous 
condition  if  the  divergence  is  too  rapid.  A  limit  on  time  to  double 
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amplitude  for  the  spiral  mode  Is  necessary  for  safety  during  such  opera¬ 
tions*  There  Is  as  yet  no  clear  need  for,  or  definition  of,  a  limit  on 
positive  spiral  stability  (discussed  In  "Supporting  Data")*  Indeed,  a 
coupled  roll-spiral  mode  (3. 5. 1*1.3)  is  sometimes  desirable* 

E.  GUIDANCE  FOR  APPLICATION 

Because  of  the  low  frequency  of  the  spiral  mode  Its  effects  are 
easily  masked  by  residual  rolling  moments,  e.g*,  due  to  asymmetric 
loadings  or  control  system  friction*  Additionally,  if  tests  are  con¬ 
ducted  with  the  pitch  control  free,  the  resulting  phugoid  oscillation 
may  alter  the  rate  of  spiral  divergence.  Values  of  equivalent  spiral 
time  constant  can  be  obtained  from  the  equivalent  system  fit  of  the 
p/Fas  response,  described  in  Para*  3.5. 1.1.1  for  the  roll  mode. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Bearing  in  mind  that  friction  and  asymmetric  loadings  must  be 
accounted  for,  no  special  flight  test  techniques  are  required. 

G.  SUPPORTING  DATA 

Reference  45  recommended  retention  of  the  existing  T2  >  20  seconds 
requirement  and  also  proposed  a  requirement,  ^\/2  *  seconds,  on  the 
degree  of  positive  spiral  stability  permitted.  The  recommended  'low- 
able  instability  of  Table  1  is  similar,  in  that  for  Flight  Phase  Cate¬ 
gory  B  (analogous  to  the  cruise  configuration)  the  time  to  double  ampli¬ 
tude  is  T2  >  20  seconds.  But  for  Flight  Phase  Categories  A  and  C,  where 
the  pilot  is  generally  closing  a  tight  attitude  loop,  a  less  stringent 
value  of  T2  >  12  seconds  was  selected. 

Grouping  Category  C  Flight  Phases  with  Category  A  Flight  Phases  is 
based  on  the  consideration  that  during  Category  A  and  C  Flight  Phases 
the  pilot  is  in  more  continuous  control  of  the  airplane  than  in  Cate¬ 
gory  B  Flight  Phase  and  is  therefore  less  concerned  about  long-term 
attitude  characteristics.  This  point  was  demonstrated  in  the  TIFS 
Phase  I  landing  approach  experiments  reported  in  Reference  50.  Spiral 
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roots  with  time  to  double  of  9.  6  sec  were  hardly  noticed  and  a  case  with 
time  to  double  of  6*4  sec,  although  noted,  was  not  considered  reason  for 
downgrading  the  evaluation*  Based  on  these  data  together  with  the 
extensive  data  In  References  51  and  52,  it  Is  recommended  that  the 
Level  2  limit  on  T 2  be  8  sec.  Even  this  limit  is  a  conservative  inter¬ 
pretation  of  the  data  In  Reference  51,  which  could  be  used  to  support  a 
value  of  T£  ■  6  sec  for  Level  2.  The  gradient  of  pilot  rating  with 
time  to  double  is  steep,  however,  and  a  conservative  interpretation  Is 
believed  justified. 

The  data  of  Reference  53  (Figure  1)  tend  to  suggest,  however,  that  a 
higher  value  of  T2  might  be  Justified  for  Level  2. 

For  Level  3,  a  value  of  T2  >  4  seconds  was  selected  as  a  compromise 
between  what  is  flyable  and  what  is  controllable  if  the  pilot  cannot 
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devote  full  attention  to  flying  the  aircraft.  This  subject  was  dis¬ 
cussed,  as  follows.  In  Reference  53: 

The  minimum  tolerable  time  to  double  amplitude  of  the  spiral 
divergence  was  very  much  longer  than  the  minimum  allowed 
by  the  existing  handling  qualities  specifications  (Refer¬ 
ence  [57]).  It  Is  believed  that  the  concept  of  the  spiral 
divergence  being  unimportant  to  the  pilot,  because  it  is  slow 
enough  to  be  controlled,  had  led  to  considerable  confusion  on 
the  subject.  It  Is  true  that  the  pilot  can  control  an  air¬ 
plane  with  a  very  rapid  divergence  (say,  time  to  double 
amplitude  of  2  or  4  seconds)  when  he  has  nothing  to  do  but  fly 
the  airplane.  Therefore,  tests  made  with  a  rapid  divergence 
where  the  pilot  devoted  full  attention  to  flying,  or  made 
under  conditions  such  as  a  landing  approach,  where  the  pilot 
necessarily  devotes  nearly  all  of  his  time  to  flying  the  air¬ 
plane,  will  show  that  the  minimum  tolerable  time  to  double 
amplitude  is  very  low.  However,  there  are  many  circumstances 
where  the  pilot  does  not,  and  indeed,  cannot  devote  all  of  his 
attention  to  flying  the  airplane.  He  must  read  maps,  work 
navigation  problems,  consult  radio  facilities  handbooks,  or 
route  manuals,  tune  radios,  and  carry  on  various  other  acti¬ 
vities.  It  is  impossible  for  him  to  handle  these  tasks  effec¬ 
tively  If,  every  time  he  diverts  his  attention,  the  airplane 
starts  spiralling  off.  It  is  perfectly  reasonable,  then,  for 
pilots  to  find  an  airplane  with  a  rapid  spiral  divergence 
perfectly  flyable  yet  absolutely  intolerable. 

In  Reference  45,  a  limit  of  Tj^2  >  10  seconds  on  the  degree  of 
spiral  stability  was  recommended  primarily  from  consideration  of  Refer¬ 
ences  54  and  55.  Reference  54  stated  that  "the  maximum  desired  spiral 
stability  appears  to  be  a  time  to  half  amplitude  of  10  seconds"  and, 
based  on  closed-loop  analysis,  Reference  55  suggested  that  T ^j2  less 
than  approximately  7  to  14  seconds  would  generally  cause  a  degradation 
of  pilot  opinion.  If  the  experimental  in-flight  data  of  Reference  53 
(Figure  1)  and  Reference  54  (Figure  2)  are  examined,  however,  it  can  be 
seen  that  good  pilot  ratings  are  obtained  for  Tj^2  **  10  seconds  and  that 
the  flying  qualities  do  not  begin  to  degrade  appreciably  until  Tj^2  »  5 
seconds. 

Although  there  are  some  data  that  indicate  there  should  be  some 
limit  on  the  degree  of  positive  spiral  stability,  other  data  show  that 
strong  positive  spiral  stability  can  be  beneficial.  For  example,  in  the 
program  described  in  Reference  56,  a  wings-leveling  device  was  installed 
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Figure  2  (3.5. 1.1.2).  Data  for  All  types  of  Flying  — 
Pilot  Opinion  Versus  Spiral  Damping 
(from  Reference  54) 


in  an  aircraft  that  resulted  in  an  effective  highly  convergent  spiral. 
Although  some  pilots  commented  on  the  high  forces  required  to  hold  the 
airplane  in  a  turn,  the  flying  qualities  were  considered  to  be  quite 
acceptable  and,  in  some  respects,  definitely  preferable  to  neutral 
spiral  stability. 

For  these  reasons,  it  was  decided  to  not  recommend  a  requirement  on 
positive  Tg  or  at  this  time,  but  more  direct  requirements  on  other 
factors  associated  with  convergent  spirals;  that  is,  aileron  forces  in 
turns  and  roll  maneuverability  effectively  limit  Tj/2* 

It  should  be  noted  that  the  spiral  requirements  include  the  effect 
of  lateral  trim  change  with  speed  as  well  as  the  constant-speed  spiral 
stability  characteristics,  since  this  is  more  representative  of  what  the 
pilot  sees  than  are  constant-speed  stability  effects  alone. 

H.  LESSORS  LEARNED 

This  requirement  is  well  established  and  no  specific  discussion  is 
necessary. 
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3. 5. 1.1. 3  Coupled  roll-spiral  oscillation 


A.  REASON  FOR  REQUIREMENT 

Existence  of  a  coupled  roll-spiral  oscillation  (also  called  a 
"lateral  phugoid")  results  in  poor  bank  angle  control  and  excessive 
lateral  stability  for  maneuvering.  This  requirement  disallows  the  exis¬ 
tence  of  a  coupled  roli-spiral  mode  for  all  but  very  benign  maneuvering 
flight  conditions* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3. 1.4 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5. 1.1.3  Coupled  roll-spiral  oscillation.  A  coupled  roll-spiral 
mode  will  be  permitted  provided  it  has  the  following  characteristics: 


TABLE  1  (3. 5. 1.1. 3) 

RECOMMENDED  MAXIMUM  VALUES  FOR  ROLL-SPIRAL  DAMPING 
COEFFICIENT, 


LEVEL 

CATEGORY 

A 

CATEGORIES 
B  AND  C** 

1 

* 

0.5 

2  ' 

* 

0.3 

3 

* 

0.15 

*The  aircraft  shall  not  exhibit  a  coupled  roll- 
spiral  mode  in  Category  A  Flight  Phases. 

**The  aircraft  shall  not  exhibit  a  coupled  roll- 
spiral  oscillation  in  Category  C  Flight  Phases 
requiring  rapid  turning  maneuvers  such  as  short 
approaches . 


Figure  2  (3.5. 1.1.2).  Data  for  All  Types  of  Flying  — 
Pilot  Opinion  Versus  Spiral  Damping 
(from  Reference  54) 


in  an  aircraft  that  resulted  in  an  effective  highly  convergent  spiral. 
Although  some  pilots  commented  on  the  high  forces  required  to  hold  the 
airplane  in  a  turn,  the  flying  qualities  were  considered  to  be  quite 
acceptable  and,  in  some  respects,  definitely  preferable  to  neutral 
spiral  stability. 

For  these  reasons,  it  was  decided  to  not  recommend  a  requirement  on 
positive  Tg  or  T^^  at  this  time,  but  more  direct  requirements  on  other 
factors  associated  with  convergent  spirals?  that  is,  aileron  forces  in 
turns  and  roll  maneuverability  effectively  limit  T ^2 • 

It  should  be  noted  that  the  spiral  requirements  include  the  effect 
of  lateral  trim  change  with  speed  as  well  as  the  constant-speed  spiral 
stability  characteristics,  since  this  is  more  representative  of  what  the 
pilot  sees  than  are  constant-speed  stability  effects  alone. 

H.  LESSORS  LEASHED 

This  requirement  is  well  established  and  no  specific  discussion  is 
necessary. 
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3.5. 1.1.3  Coupled  roll-spiral  oscillation 


A.  REASON  FOR  REQUIREMENT 

Existence  of  a  coupled  roll-spiral  oscillation  (also  called  a 
"lateral  phugoid")  results  in  poor  bank  angle  control  and  excessive 
lateral  stability  for  maneuvering.  This  requirement  disallows  the  exis¬ 
tence  of  a  coupled  roll-spiral  mode  for  all  but  very  benign  maneuvering 
flight  conditions . 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3. 3.1. 4 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5. 1.1.3  Coupled  roll-spiral  oscillation.  A  coupled  roll-spiral 
mode  will  be  permitted  provided  it  has  the  following  characteristics: 


TABLE  1  (3.5. 1.1.3) 

RECOMMENDED  MAXIMUM  VALUES  FOR  ROLL-SPIRAL  DAMPING 
COEFFICIENT,  CrsWrS 


LEVEL 

CATEGORY  1 

A 

CATEGORIES 

B  AND  C** 

1 

* 

0.5 

2 

* 

0.3 

3 

* 

0.15 

*The  aircraft 

shall  not  exhibit  a 

coupled  roll 

spiral  mode 

in  Category  A  Flight 

Phases . 

**The  aircraft 

shall  not  exhibit  a 

coupled  roll 

spiral  oscillation  in  Category  C  Flight  Phases 
requiring  rapid  turning  maneuvers  such  as  short 
approaches. 
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D.  RATI  (MALE  BEHIND  REQUIREMENT 

The  primary  objections  to  a  coupled  roll-spiral  mode  are  the  lack  of 

roll  control  effectiveness  and  high  steady  forces  In  turning  flight  (see 

Reference  59,  page  138).  Roll  spiral  coupling  can  arise  from  unusual 
* 

values  of  Lg,  L^,  Np,  and  N£,  or  from  augmentation  where  bank  angle 
feedback  Is  employed  (see  Reference  66).  Experience  with  bank  angle 
command  systems  has  shown  that  In  order  to  obtain  reasonable  control 
sensitivities,  the  control  authority  must  be  very  low.  One  source  of 
the  experience  was  a  V/STOL  control  system  blending  study  conducted  on  a 
moving-base  simulator  (Reference  259).  In  that  study  It  was  clear  that 
while  a  bank  angle  command  system  was  desirable  In  hover.  It  was  also 
desirable  to  switch  to  a  rate  command  system  at  very  low  airspeeds.  A3 
with  the  Reference  59  comments,  the  pilots  found  that  the  lack  of  roll 
control  authority  and  high  steady  forces  in  the  turns  were  unacceptable. 

In  cases  where  the  coupled  roll  spiral  results  from  unusually  large 
values  of  Lg,  Np/Lp,  and  N£,  a  low  L'  may  result  In  controllability 
problems.  This  was  the  case  for  the  M2-F2  lifting  body  (Reference  61). 

The  values  In  Table  1  were  taken  directly  from  MIL-F-8785C. 

E.  GUIDANCE  FOR  APPLICATION 

Existence  of  a  coupled  roll-spiral  mode  should  be  allowed  only 
during  those  flight  conditions  which  do  not  require  rapid  bank  angle 
maneuvering.  Most  control  wheel  steering  (CWS)  modes  use  roll  rate 
command  augmentation  and  hence  do  not  have  a  coupled  roll-spiral  mode. 
However,  It  Is  conceivable  that  a  bank  angle  command  CWS  mode  would  be 
proposed.  In  the  event  that  a  deviation  from  the  requirement  is 
requested,  the  flight  tasks  would  be  those  involving  rapid  bank  angle 
maneuvering. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  through  the  operational  speed  and  altitude  envelopes 
should  reveal  any  potential  problems.  Analysis  based  upon  wind  tunnel 
estimates  can  predict  potential  areas  where  a  lateral  phugoid  might 
exist;  flight  testing  should  be  concentrated  in  these  regions. 

We  do  not  expect  any  problem  in  the  determination  of  equivalent 
system  parameters  for  comparison  with  this  requirement.  Starting  from 
the  complete  lateral  and  directional  transfer  functions,  it  is  straight¬ 
forward  to  identify  that  the  roll  and  spiral  modes  are  coupled.  That  is, 
the  two  usual  first-order  terms  in  the  denominator  are  combined  into  a 
second-order  mode  that  identifies  the  roll-spiral  damping. 

G.  SUPPORTING  DATA 

References  48,  49,  and  60  contain  results  of  simulations  involving 
coupled  roll-spiral  modes.  In  all  cases  the  longitudinal  characteris¬ 
tics  of  the  baseline  vehicle  were  rated  Level  1  by  the  evaluation 
pilots.  In  addition,  all  lateral  phugoid  cases  were  characteristic  of 
lifting-body-type  vehicles:  large  effective  dihedral,  low  roll  damping, 
and  positive  yaw  acceleration  due  to  roll  rate. 

The  data  of  Reference  48  are  for  an  in-flight  simulation  of  a 
reentry  vehicle  using  the  USAF/Calspan  variable-stability  T-33.  Fig¬ 
ures  1,  2,  and  3  present  results  of  the  simulation  utilizing  spiral 
descent  and  landing  approach  (Figure  1)  and  up-and-away  flight  (Fig¬ 
ures  2  and  3)  maneuvers.  Four  pilots  evaluated  the  configurations, 
and  inter-pilot  variations  in  ratings  were  small  for  most  cases.  Fig¬ 
ure  1  shows  that  in  smooth  air  and  slight  proverse  yaw  due  to  ailerons, 
(ui^/ 0)^)2  =  1.344,  a  lateral  phugoid  is  acceptable  but  unsatisfactory 
(ratings  are  based  on  the  10-point  CAL  scale).  Ratings  degrade  quickly 
in  turbulence,  and  as  becomes  much  less  than  or  greater  than 
1.0.  Figure  3  shows  poor  ratings  for  all  configurations;  this  may  be 
due  to  the  large  value  of  l^/Slj  (8.58).  However,  in  general,  in  light 
or  iess  turbulence  and  with  low  yaw  due  to  ailerons,  a  lateral  phugoid 
mode  is  not  shown  to  be  objectionable  (note  that  for  Figures  2  and  3,  ^ 
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D.  RATIONALE  BEHIND  REQUIREMENT 


The  primary  objections  to  a  coupled  roll-spiral  mode  are  the  lack  of 

roll  control  effectiveness  and  high  steady  forces  In  turning  flight  (see 

Reference  59,  page  138).  Roll  spiral  coupling  can  arise  from  unusual 
* 

values  of  Lg,  L^,  Np,  and  N£,  or  from  augmentation  where  bank  angle 
feedback  is  employed  (see  Reference  66).  Experience  with  bank  angle 
command  systems  has  shown  that  in  order  to  obtain  reasonable  control 
sensitivities,  the  control  authority  must  be  very  low.  One  source  of 
the  experience  was  a  V/STOL  control  system  blending  study  conducted  on  a 
moving-base  simulator  (Reference  259).  In  that  study  it  was  clear  that 
while  a  bank  angle  command  system  was  desirable  in  hover,  it  was  also 
desirable  to  switch  to  a  rate  command  system  at  very  low  airspeeds.  As 
with  the  Reference  59  comments,  the  pilots  found  that  the  lack  of  roll 
control  authority  and  high  steady  forces  in  the  turns  were  unacceptable. 

In  cases  where  the  coupled  roll  spiral  results  from  unusually  large 
values  of  Lg,  N'/L',  and  Nj,  a  low  L'  may  result  in  controllability 
problems.  This  was  the  case  for  the  M2-F2  lifting  body  (Reference  61). 

The  values  in  Table  1  were  taken  directly  from  MIL-F-8785C. 

E.  GUIDANCE  FOR  APPLICATION 

Existence  of  a  coupled  roll-spiral  mode  should  be  allowed  only 
during  those  flight  conditions  which  do  not  require  rapid  bank  angle 
maneuvering.  Most  control  wheel  steering  (CWS)  modes  use  roll  rate 
command  augmentation  and  hence  do  not  have  a  coupled  roll-spiral  mode. 
However,  it  is  conceivable  that  a  bank  angle  command  CWS  mode  would  be 
proposed.  In  the  event  that  a  deviation  from  the  requirement  is 
requested,  the  flight  tasks  would  be  those  involving  rapid  bank  angle 
maneuvering. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  through  the  operational  speed  and  altitude  envelopes 
should  reveal  any  potential  problems.  Analysis  based  upon  wind  tunnel 
estimates  can  predict  potential  areas  where  a  lateral  phugoid  might 
exist;  flight  testing  should  be  concentrated  in  these  regions. 

We  do  not  expect  any  problem  in  the  determination  of  equivalent 
system  parameters  for  comparison  with  this  requirement.  Starting  from 
the  complete  lateral  and  directional  transfer  functions,  it  is  straight¬ 
forward  to  identify  that  the  roll  and  spiral  modes  are  coupled.  That  is, 
the  two  usual  first-order  terms  in  the  denominator  are  combined  into  a 
second-order  mode  that  identifies  the  roll-spiral  damping. 

G.  SUPPORTING  DATA 

References  48,  49,  and  60  contain  results  of  simulations  involving 
coupled  roll-spiral  modes.  In  all  cases  the  longitudinal  characteris¬ 
tics  of  the  baseline  vehicle  were  rated  Level  1  by  the  evaluation 
pilots.  In  addition,  all  lateral  phugoid  cases  were  characteristic  of 
lifting-body-type  vehicles:  large  effective  dihedral,  low  roll  damping, 
and  positive  yaw  acceleration  due  to  roll  rate. 

The  data  of  Reference  48  are  for  an  in-flight  simulation  of  a 
reentry  vehicle  using  the  USAF/Calspan  variable-stability  T-33.  Fig¬ 
ures  1,  2,  and  3  present  results  of  the  simulation  utilizing  spiral 
descent  and  landing  approach  (Figure  1)  and  up-and-away  flight  (Fig¬ 
ures  2  and  3)  maneuvers.  Four  pilots  evaluated  the  configurations, 
and  inter-pilot  variations  in  ratings  were  small  for  most  cases.  Fig¬ 
ure  1  shows  that  in  smooth  air  and  slight  proverse  yaw  due  to  ailerons, 
■  1.344,  a  lateral  phugoid  is  acceptable  but  unsatisfactory 
(ratings  are  based  on  the  10-point  CAL  scale).  Ratings  degrade  quickly 
in  turbulence,  and  as  becomes  much  less  than  or  greater  than 

1.0.  Figure  3  shows  poor  ratings  for  all  configurations;  this  may  be 
due  to  the  large  value  of  (8.58).  However,  in  general,  in  light 

or  less  turbulence  and  with  low  yaw  due  to  ailerons,  a  lateral  phugoid 
mode  is  not  shown  to  be  objectionable  (note  that  for  Figures  2  and  3, 
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ia  Level  2  in  value)  for  the  tasks  considered  to  be  low-demand  (Category 
B)  in  nature. 


The  ground  simulation  of  Reference  60  involved  cruise  and  low-speed 
conditions,  Including  several  ILS  approaches.  These  also,  with  the 
exception  of  the  ILS  approaches,  are  Category-B-type  maneuvers.  How¬ 
ever,  the  approach  ratings  were  reported  to  correlate  with  the  low-speed 
(general  all-around  flying)  ratings,  so  these  could  be  considered  -.o  be 
Category  C  data.  Results  are  shown  in  Figure  4.  The  boundaries  of 
Table  1  are  shown  for  comparison.  In  general,  though  the  dutch  roll 
characteristics  (cd,  u)d,  |$/f5|d)  and  adverse  aileron  yaw  [ (w^/u^)2]  are 
varied,  the  data  show  definite  trends  with  sRS  and  o^g.  They  are  also 
in  agreement  with  the  in-flight  data  of  Figures  1-3,  but  they  do  not 
show  strong  support  for  the  Table  1  boundaries.  The  following  minimum 
values  of  the  product  wou^^  be  more  appropriate: 


Level 

1: 

SrS^S  * 

0.5 

Level 

2: 

Srs“rs  = 

0.07 

Level 

3: 

Srs^rs  = 

0.0 

Quantitatively,  correlation  with  the  boundaries  would  jump  from  about 
15  percent  to  almost  80  percent.  However,  the  lack  of  any  pilot  coumen- 
tary  or  of  detailed  descriptions  of  the  piloting  tasks,  somewhat 
reduces  the  credibility  of  the  data.  In  addition.  Reference  49  has  data 
which  disagrees  entirely  with  both  Reference  60  and  Reference  48. 

The  ground  simulation  of  Reference  49  shows  a  much  more  pessimistic 
view  of  the  lateral  phugoid  (Figure  5).  Even  the  best  of  the  configura¬ 
tions  was  rated  no  better  than  5  (CAL  scale),  and  almost  all  were  unfly- 
able  (PR  of  10).  In  this  simulation  both  open-  and  closed-loop  pilot 
tasks  were  included.  The  closed-loop  maneuvers  covered  climbing, 
diving,  and  level  turns  and  both  slow  and  rapid  entries  into  30  deg  and 
60  deg  banks.  Both  smooth  and  simulated  rough  air  were  used.  The  open- 
loop  task  required  that  the  pilots  copy  a  standard  IFR  clearance. 


a)  Cruise  (20,000  ft,  400 kt) 
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Landing  Approach  (2000  ft,  135 kt) 


Figure  4  (3. 5. 1.1. 3).  Pilot  Ratings  for  Ground  Simulation  of 
Reference  60  (Dutch  Roll  Characteristics  Vary) 
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Figure  5  (3.5. 1.1.3).  Pilot  Ratings  for  Ground  Simulation  of 
Reference  49  [ (oi^/oj^)^  *  0.64  -  1  - 10 J 


It  is  not  clear  why  the  data  of  Reference  49  differ  so  dramatically 
from  both  the  ground  simulation  of  Reference  60  and  the  flight  data  of 
Reference  48.*  It  is  possible  that  the  high  ratio  of  (ranging 

from  6.1  to  26.5)  caused  the  degradation;  from  Reference  49, 

The  most  obvious  conclusion  is  that  the  complex  roll- 
spiral  mode  configurations  that  were  investigated 
represent  poor  to  very  bad  tactical  airplanes,  pri¬ 
marily  because  of  the  lack  of  roll  damping  and  the 
resultant  "roily"  characteristics. 

However,  Reference  48  also  contains  some  high  1 4>/ 0 1 ^  cases  (Figure  3), 
and  for  ((d^/w^)^  near  I  the  average  rating  was  5  =  0.057).  The 

details  of  the  simulated  turbulence  used  in  Reference  49  are  not  known; 
but  it  is  possible  that  this  had  a  major  effect  on  the  ratings  (see 
Figure  1  and  Reference  58). 

H.  LESSORS  LEARNED 

Experience  with  the  M2-F2  lifting  body  (Reference  61)  shows  support 
for  a  strict  requirement  on  the  lateral  phugoid,  and  illustrates  the 
insidious  nature  of  the  lateral  phugoid  mode.  Figure  6  shows  the  varia¬ 
tion  in  £rs  and  for  the  unaugmented  and  augmented  M2-F2.  (In  the 

actual  vehicle,  a  second-order  washout  mode  occurs,  through  p  and  r 
feedbacks,  but  it  is  near  in  frequency  and  damping  to  the  lateral 
phugoid.  Low-frequency  washout  zeros  effectively  cancel  one  of  the 
modes  so  that  the  vehicle  essentially  behaves  like  a  classical  coupled 
roll-spiral  configuration.)  In  gliding  landing  tests  of  the  M2-F2, 
energy  management  required  flight  at  negative  angles  of  attack.  On 
numerous  flights  the  M2-F2  entered  divergent  lateral-directional  oscil¬ 
lations  which  were  stopped  only  by  pulling  back  to  positive  angles  of 
attack.  The  analysis  of  Reference  61  showed  these  oscillations  to  be 
due  to  the  coupled  roll-spiral  mode.  Time  histories  in  Reference  61 


*The  data  of  Reference  49  using  real  roll  and  spiral  modes  are 
also  in  disagreement  with  other  such  data,  see  Figure  16  of  Paragraph 
3. 5. 1.1.1,  "Roll  mode." 
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suggest  that  the  M2-F2  became  uncontrollable  at  a  «  -2  deg;  this 
coincides  (Figure  6)  with  £rs“RS  “  °*  Addition  of  a  center  fin  (the 
M2-F3)  improved  primarily  the  yawing  characteristics  of  the  vehicle.  As 
Figure  6  shows,  even  at  large  negative  angles  of  attack  the  M2-F3 
lateral  phugoid  mode  is  still  stable  (in  fact,  the  roll  and  spiral  modes 
are  uncoupled  —  ;  >  1  —  until  a  »  2  deg).  Flight  tests  of  the  M2-F3 
(SAS  ON )  supported  the  prediction  of  good  lateral  flying  qualities  at 
negative  angles  of  attack. 


Figure  6  (3. 5. 1.1. 3).  Couplec1  Roll-Spiral  Mode 
Characteristics  for  M2-F2  and  M2-F3 
Lifting  Bodies  (from 
Reference  61) 
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3. 5. 1.1.4  Roll  rate  oscillations 


A.  REASON  FOR  REQUIREMENT 

This  requirement  Is  directed  at  precision  of  control  of  airplanes 
with  moderate  to  high  j 4>/6 1 ^  response  ratios  combined  with  marginally 
low  dutch  roll  damping. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.  3. 2. 2.1 

C.  STATEMENT  OF  REQUIREMENTS  AMD  RECOMMENDED  VALUES 

3.5. 1.1-4  Roll  rate  oscillations.  The  value  of  the  parameter 

p08C/Pav  foUowlttg  a  yaw-control-free  step  roll  command  shall  be  within 

the  following  limits:  _ .  This  requirement  applies  for  step 

roll  commands  up  to  the  magnitude  that  causes  a  60  degree  bank  angle 
change  in  1. 71^  seconds. 

Configurations  that  meet  the  appropriate  Category  A  dutch  roll  damp¬ 
ing  requirement  (Paragraph  3. 6. 1.1)  should  be  considered  to  meet  this 
requirement  as  long  as  is  within  the  following  limits:  _ . 

Recommended  limits  for  the  parameter  Posc/Pav  are  specified  by 
Figure  1 . 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  was  developed  to  regulate  against  unacceptable 
handling  qualities  due  to  large  roll-sideslip  coupling  |  <(>/&  1  ^  combined 
with  a  low  dutch  roll  damping  ratio  Such  aircraft  exhibit  a  ten¬ 

dency  to  develop  oscillations  in  roll  rate  both  open  and  closed  loop. 
This  characteristic  clearly  interferes  with  the  pilot's  precision  of 
control  and  should  be  kept  to  an  absolute  minimum  for  all  but  the  most 
undemanding  tasks. 

The  existence  of  roll  rate  oscillations  is  directly  traceable  to  the 
relative  locations  of  the  and  zeros  in  the  p/Ffla  transfer  func¬ 
tion: 


(1) 


p  LFa8s(a2  +  +  u)^)e~Te?8 

Fas  (s  +  1/Ts)(s  +  1/Tr)[82  +  25^8  + 

When  the  complex  roots  cancel  (u>^  -  and  the  roll  rate 

response  Is  not  contaminated  by  sideslip  excursions  In  the  dutch  roll 
mode*  When  they  do  not  cancel,  the  dutch  roll  contamination  occurs 
primarily  in  the  yaw  axis  if  1^/3 1^  is  low  (say  less  than  1.5)  or 
primarily  in  the  roll  axis  when  1^/01^  is  large.  As  mentioned  above, 
the  P08c/Pav  parameter  is  directed  at  cases  where  |<f>/0 1 ^  is  quite  large 
and  Cd  is  low.  Note  that  for  all  Category  A  operations  the  required 
Level  1  value  of  in  Paragraph  3. 6.1.1  effectively  eliminates  the  need 
for  this  requirement.  In  the  MIL-F-8785  specification  series,  approach 
and  landing  were  considered  to  be  low-gain,  loose  tracking  tasks.  How¬ 
ever,  experience  has  shown  that  this  is  not  the  case.  Hence,  the 
posc/pav  re<lulrement  la  limited  to  cruise  and  some  non-precision  takeoff 
Flight  Phases  for  all  practical  purposes. 


Figure  1  (3.5. 1.1.4).  Roll  Rate  Oscillation  Limitations 
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An  extensive  description  of  the  derivation  of  P08c/Pav  aQd  tg  is 
given  in  Reference  11.  Because  of  the  decreased  role  of  these  parame¬ 
ters  in  the  current  requirements  we  have  chosen  to  provide  only  enough 
background  to  utilize  the  Figure  1  boundaries.  Posc^av  *8  a  measure 
the  oscillatory  component  of  roll  rate  to  the  average  component  of  roll 
rate  rollowing  a  rudder-pedals-f ree  step  lateral  control  input.  Exam¬ 
ples  of  measurements  of  Posc/pav  are  given  under  "Guidance  for  Applica¬ 
tion."  The  parameter  tyg  is  shown  in  Reference  11  to  be  a  measure  of  the 
relative  location  of  the  dutch  roll  pole  and  o>^  zero  (Equation  1).  It 
defines  the  phasing  of  the  dutch  roll  component  of  the  sideslip  response 
following  a  step  lateral  control  input,  i.e., 

“  Cde  cos  (u>d  /l  -  5  2  t  +  <|/fl  j  (2) 

This  is  illustrated  graphically  in  the  sketch  below  (from  Reference  11). 


The  parameters  Posc/pav  and  ♦g  have  been  used  to  specify  the  cri¬ 
terion  as  a  function  of  Flight  Phase  Category  and  Level  (Figure  1).  It 
should  be  noted  that  Figure  1  has  two  scales,  one  for  positive 

dihedral  (p  leads  3  by  45  deg  to  225  deg)  and  the  other  for  negative 
dihedral  (p  leads  3  by  225  deg  through  360  deg  to  45  deg).  Dihedral 
is  defined  by  the  parameter  4p/$>  since  dihedral  as  currently  used 
in  flying  qualities  work  seems  to  be  an  ambiguous  and  ill-defined 
parameter*  In  this  context,  "positive  dihedral"  normally  means  nega¬ 
tive  Lg  +  YvLr  *  Lg.  Note  that 


•  __  H  +  (Ixz/Ix)% 
0  =  i  -  (i£2/ixiz) 


* 

It  should  also  be  noted  that  the  value,  or  even  the  sign,  of  Lg  cannot 
always  be  determined  from  steady  rudder-pedal-induced  sideslips.  Not 
only  are  product  of  inertia  effects  absent  in  steady  sideslips,  but  also 
the  control  deflections  are  affected  by  control  cross-coupling  deriva¬ 
tives.  On  the  other  hand,  i  p/3  generally  is  a  good  discriminator  of 
the  sign  of  dihedral. 

Since  (the  phase  angle  in  a  cosine  representation  of  the  dutch 
roll  component  of  sideslip,  negative  for  a  lag)  is  a  rather  abstract 
parameter,  it  is  well  to  consider  its  physical  implications  and  signifi¬ 
cance  to  the  piloting  of  an  airplane.  Very  simply,  \|<g  can  be  considered 
as  an  indicator  of  those  airplane  closed-loop  stability  characteristics 
that  are  related  to  the  lateral-directional  coupling  derivatives.  From 
Figure  1  it  can  be  seen  that  the  ratio  of  roll  rate  oscillation  to 
steady-state  roll  rate  can  be  much  greater  for  some  values  of  ij'g  than 
for  others.  Specifically,  the  specified  values  of  Posc/pav  for  0°  >  »|>g 
>  -90°  are  far  more  stringent  than  for  -180°  >  ij/g  >  -270°.  There  are  at 
least  two  reasons  why  this  is  so: 

a)  Differences  in  closed-loop  stability. 

b)  Differences  in  average  roll  rate. 
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From  the  root  locus  analysis  In  Figure  2a  it  can  be  shown  that  when 
the  zero  of  the  p/&as  transfer  function  lies  in  the  lower  quadrant  with 
respect  to  the  dutch  roll  pole  (-180°  >  ipg  >  -270°),  the  closed-loop 
damping  increases  when  the  pilot  closes  a  bank  angle  error  to  aileron 
loop.  Conversely,  it  can  be  shown  that  when  the  zero  lies  in  the  upper 
quadrant  with  respect  to  the  dutch  roll  pole  (0°  >  <|ig  >  -90°),  the 
closed-loop  damping  decreases  when  the  pilot  applies  aileron  inputs 
proportional  to  bank  angle  error  (Figure  2b).  In  this  case  a  pilot's 
tolerance  of  Posc/Pav  tends  to  decrease.  Finally,  when  becomes  large 
the  effect  of  the  pole-zero  location  is  diminished  (Figure  2c),  i.e., 
the  variation  in  damping  due  to  effect  is  small  relative  to  the 

augmented  damping.  The  connection  between  pole/zero  location  and  the 
posc/pav  boundaries  is  shown  in  Figure  3,  where  the  Level  1  and  Level  2 
boundaries  in  Figure  1  are  mapped  into  zero  locations  for  several 

values  of  and  Note  that  when  meets  the  Level  1  requirement 

(£d  >  0.19)  the  acceptable  region  for  is  very  large  in  the  region  to 
the  left  of  and  below  .  However,  there  is  always  a  low  tolerance  for 
because  the  closed-loop  damping  decreases.  There  is  still  a 
relatively  tight  limit  on  for  a  of  0.25.  This  of  course 

reflects  the  decrease  in  damping  that  occurs  (note  that  ^  «■  0.25  is  not 
much  greater  than  the  Level  1  limit  of  0.19,  see  Figure  2c).  An  impor¬ 
tant  aspect  of  the  Posc/pav  requirement  is  that  it  implicitly  accounts 
for  the  allowable  increase  in  the  region  of  allowable  as  4^  and 
increase. 

An  alternative  method  of  specifying  roll  rate  oscillations,  recom¬ 
mended  by  Calspan  (Reference  59),  was  considered.  The  proposed  revision 
would  involve  extracting  the  effect  of  the  spiral  mode,  Tg,  from  the 
roll  rate  response.  This  would  get  rid  of  the  present  significant 

effect  Tg  can  have  on  P0gc/Pav»  as  shown  in  Figure  4.  A  new 
parameter,  posc/pi»  would  be  used,  where  the  hat  O')  represents  the 
spiral-less  roll  rate  response.  Then  Pogc/pi  “  (pi  +  P3  “  2p2)/2pj. 
Reference  59  also  recommended  that  the  parameter  be  replaced  with  4>p, 
i.e.,  measure  ^  from  the  roll  rate  response. 
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Figure  2  (3.5. 1.1.4).  Effect  of  Relative  Pole/Zero  Location 
On  Piloted  Control  of  Bank  Angle 


Figure  4  (3.5. 1.1.4).  Posc^Pav  as  a  Function  the  Ratio 
of  Dutch  Roll  Period  and  Spiral  Root  Time  Constant 
(from  Reference  59) 
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Data  comparisons  with  the  Reference  59  p08C/Pi  vs.  and  Poac/Pav 
vs.  tig  do  not  justify  any  change  at  this  time.  For  example,  the 
Category  A  data  of  Reference  46  show  only  a  40  percent  correlation  with 
the  Reference  59  limits,  and  61  percent  correlation  with  Figure  l;  the 
Category  C  data  of  Reference  69  have  exactly  the  same  correlation  with 
both  criteria,  72  percent.  Overall,  only  about  half  the  data  used  in 
Reference  59  to  support  pogc/pi  vs.  4>g  agree  with  the  proposed 
requirement.  This  was  not  felt  to  be  sufficient  to  justify  a  change. 

S.  GUIDANCE  FOR  APPLICATION 


This  requirement  is  intended  to  define  areas  of  acceptable  pole-zero 
locations  for  the  $/Ffla  transfer  function.  Review  of  the  derivation  and 
data  base  for  the  requirement  has  resulted  in  a  number  of  guidelines  and 
qualifications  to  be  considered  before  using  the  requirement. 

•  The  roll,  spiral  and  dutch  roll  mode  requirements 
(3.5. 1.1.1,  3. 5. 1*1. 2,  and  3. 6. 1.1)  should  first 
be  met.  If  Ta  is  very  small,  the  requirement  may 
result  in  misleading  values  of  pna~/pa„  (see, 
e.g..  Figure  4). 

•  For  airplanes  with  very  small  Lg  amd  very  large 

L'  (Reference  50),  p/6|,j  can  be  between  180  deg 

and  270  deg.  As  shown  in  Reference  11,  this  con¬ 
dition  is  not  adequately  Included  in  the  approxi¬ 
mations  used  to  define  'Jig.  This  leaves  some 

doubt  as  to  the  significance  of  Posc/pav  for  such 
data.* 

•  If  |  q> /&  |  ^  is  small  (generally  less  than  about 

1.5),  P33c/Pav  will  be  small  and  the  requirement 
may  not  add  any  new  information. 

•  The  requirement  is  of  most  value  when  is  near 
the  Level  1  boundary  (0.1-0. 2). 


*The  test  results  of  Reference  50  are  not  included  in  this  report 
since  the  simulated  airplane  had  Level  2  pitch  characteristics  which 
could  have  Influenced  pilot  ratings.  However,  the  peculiar  problems 
encountered  in  measuring  p/6  are  still  of  interest. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  to  demonstrate  compliance  with  this  requirement  may, 
at  the  request  of  the  procuring  activity,  be  limited  to  those  flight 
conditions  where  the  roll  or  dutch  roll  characteristics  are  marginally 
acceptable  (i.e.,  on  the  boundary  between  Levels  1  and  2).  In  any  case, 
consideration  should  be  given  to  testing  at  the  maximum  operational 
altitude,  over  the  range  of  service  speeds. 

The  parameters  Posc/Pav  and  ’J'g  are  defined  In  Section  6.2.6. 

G.  SUPPORTING  DATA 

The  most  complete  set  of  Category  A  supporting  data  (Figures  5  and 
6),  from  flight  tests  of  Reference  46  using  the  variable-stability  T-33, 
show  conflicting  results.  The  data  of  Figure  5,  for  moderate  |  <p/3 1  ^ 
ratios,  agree  quite  well  with  the  boundaries.  Likewise,  the  Figure  6 


Figure  5  (3.5. 1.1.4).  Flight  Phase  Category  A  Data, 
Moderate  |$/6|,j  (from  Reference  46) 
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Figure  6  (3.5. 1.1.4).  Flight  Phase  Category  A  Data, 
Large  and  Small  (from  Reference  46) 


high- 1 4> /B 1^  points  correlate,  but  all  these  data  are  rated  Level  2  or  3, 
including  the  single  point  that  falls  in  the  Level  1  region.  (Note  that 
the  dutch  roll  damping  requirements  (3. 6. 1.1)  account  for  these  large 
|$/B|d  cases  already,  predicting  them  to  be  worse  than  Level  3.)  How¬ 
ever,  the  cases  for  low  |$/0|d  (1.5)  in  Figure  6  show  extremely  poor 
correlation.  The  reasons  for  this  have  not  been  resolved,  though  pilot 
comments  indicate  that  the  pilot  was  sensitive  to  the  amounts  of  adverse 
aileron  yaw  included  in  many  of  the  low  l^/Bl^  cases.  But  even  when 
there  was  no  adverse  aileron  yaw  the  ratings  were  still  generally  very 
poor . 

The  Category  B  data  (Figures  7  and  8)  show  good  correlation,  but 
there  are  really  only  about  ten  data  points  with  which  to  evaluate  the 
Levels  2  and  3  regions  (that  is,  data  for  which  Posc/pav  1®  large). 
Likewise,  the  Category  C  Levels  2  and  3  boundary  (Figure  9)  is  not  well 
defined  by  the  data. 


Figure  7  (3.5. 1.1. 4) .  Flight  Phase  Category  B  Data 
(from  Reference  48) 


Figure  8 


(3.5. 1.1.4).  Flight  Phase  Category 
(from  Reference  39) 


B  Data 


391 


Figure  9  (3.5. 1.1.4).  Flight  Phase  Category  C  Data 
(from  Reference  44) 


Similar  data  (Reference  69)  show  support  for  the  requirements 
(Figure  10).  Again,  this  is  Category  C  data,  though  the  test  programs 
of  References  44  and  69  were  for  approach  and  waveoff  only  and  hence  did 
not  include  landing.  Pilot  ratings  might  be  slightly  worse  if  landings 
had  been  required.  In  their  favor,  however,  both  tests  did  include 
artificial  turbulence  (and,  for  Reference  69,  simulated  crosswinds) 
which  would  be  expected  to  increase  pilot  workload. 

The  thorough  test  matrix  of  Reference  69  produced  an  abundance  of 
data  with  which  to  draw  some  guidance  for  applying  Posc/pav  (given  in 
"Guidance  for  Application"): 

•  Paragraph  3. 5. 1.1.4  need  not  be  applied  if  |  <t> /B  |  ^ 
is  small  (from  Figure  10,  I  ♦ /B I ^  <  1.5  generally 
produces  good  ratings  and  low  P0oC/pavS  though 
the  ratings  of  Figure  6  for  I^/pIj  *  1.5  are 

P°or*  Posc^av  18  low)* 
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•  The  criterion  is  most  useful  when  either  <*>d> 

Cdwd*  or  TR  is  near  Level  1/2  limits.  For 
example,  there  are  21  cases  in  Figure  10  with 
Cd  "  0.3  (where  the  Level  l  limit  is  0.08),  only 
one  of  which  is  predicted  to  be  significantly 
worse  than  Level  1.  Actually,  five  of  the  21  are 
rated  worse  than  Level  1,  but  only  one  is  worse 

than  PR  -  4  (p08C/Pav  "  4*2,  <|>6  .  -180  deg, 

PR  -  8). 

Since  almost  no  data  exist  on  strong  roll-sideslip  coupling  with 
negative  dihedral,  it  was  necessary  to  specify  the  negative-dihedral 
requirement  through  analogy  with  the  positive-dihedral  requirements 

previously  described.  Reference  70  did  provide  some  data,  however, 
which  are  presented  in  Figure  11  for  comparison  with  the  roll  rate 

oscillation  requirement.  The  program  of  Reference  70  investigated 
lateral-directional  instabilities  relating  to  the  X-15.  In  the  course 


\l>p{ deg )  P  leods  13  by  45°  to  225° 


Figure  10  (3.5. 1.1.4).  Category  C  Data  (Approach  and 
Wave-Off);  Cooper-Harper  Pilot  Ratings 
(from  Reference  69) 


i 
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Figure  11  (3.5. 1.1.4).  Positive  and  Negative  Dihedral 
Data  of  Reference  70 


of  this  investigation,  configurations  were  simulated  either  in  flight  or 
in  a  fixed-base  simulator,  or  in  both,  that  had: 

a)  Positive  dihedral,  proverse  yaw  due  to  aileron. 

b)  Positive  dihedral,  adverse  yaw  due  to  aileron. 

c)  Negative  dihedral,  proverse  yaw  due  to  aileron. 

d)  Negative  dihedral,  adverse  yaw  due  to  aileron. 

These  configurations,  which  all  had  very  light  dutch  roll  damping 
and  large  I <>/B  I d  response  ratios,  are  plotted  in  Figure  11.  The  parame¬ 
ters  P08C/pav»  and  4  p/g  were  obtained  from  time  histories  of 

the  responses  to  step  aileron  inputs.  Configuration  a,  which  falls 
well  outside  the  Level  2  boundary  of  Figure  11,  was  uncontrollable: 
"attempts  by  the  pilot  to  control  the  oscillation  resulted  in  excursions 
of  increasing  magnitude  for  both  sideslip  angle  and  the  roll  rate." 
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Configuration  b,  which  also  falls  well  outside  the  Level  2  boundary 
of  Figure  11,  was  unacceptable  because  of  the  oscillatory  response. 
"However,  it  is  significant  that  the  pilot  was  able  to  control  the  air¬ 
craft,  and,  in  fact,  damp  the  oscillations  when  they  occurred  using  only 
normal  aileron  control  movements." 

Configuration  c,  which  falls  in  the  "good"  area  of  Figure  11,  was 
controllable  and  "it  was  found  that  attempts  to  control  the  roll  angle 
in  a  normal  manner  also  helped  to  reduce  the  excursions  of  the  sideslip 
angle." 

Configuration  d,  which  falls  in  an  area  of  marginal  acceptability  on 
Figure  11,  was  uncontrollable  because  of  pilot-induced  oscillations. 

Thus,  with  the  possible  exception  of  Configuration  d,  the  pilot 
comments  pertaining  to  the  configurations  were  compatible  with  those 
expected  from  their  roll-sideslip  coupling  characteristics  as  indicated 
by  Figure  11.  Although  Configuration  d  was  rated  worse  than  would  be 
expected  from  the  measured  roll-sideslip  coupling  characteristics,  the 
fact  that  the  point  fell  in  the  region  of  Figure  11  where  the  amount  of 
allowable  roll  rate  oscillation  changes  rapidly  with  would  indicate 
that  the  flying  qualities  of  the  configuration  are  sensitive  to  small 
changes  in  •  For  example,  if  were  only  30  degrees  greater  (or  if 
the  peaks  on  the  time  histories  presented  differed  by  only  0.2  seconds 
from  those  of  the  configuration  flown),  the  roll-sideslip  coupling  char¬ 
acteristics  as  indicated  by  Figure  11  could  be  completely  compatible 
with  the  pilot  comments. 

H.  LESSORS  LEARNED 

As  the  following  table  reflects,  correspondence  with  users  of  MIL-F- 
8785B  and  -8785C  shows  that  the  requirements  for  roll  rate  and  bank 
angle  oscillations  (Paragraphs  3. 3.2.2,  3. 3. 2. 2.1,  and  3. 3. 2. 3  of  those 
specifications)  have  been  generally  ignored  for  current  airplanes.  This 
is  in  part  the  reason  for  deleting  the  requirements  for  roll  rate  oscil¬ 
lations  and  bank  angle  oscillations,  3. 3. 2. 2  and  3. 3. 2.3  of  MIL-F-8785C, 
and  retaining  only  the  single  criterion,  P08c/Pav*  (Paragraph  numbers 
in  the  table  refer  to  MIL-F-8785B .) 
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ASD  COMMENTS  ON  MIL-F-8785B  PARA.  3.3.2, 

LATERAL -DIRECTIONAL  DYNAMIC  RESPONSE  CHARACTEISTICS 

F-16:  Paragraph  a  3.3 .2.1,  3.3. 2. 2,  3. 3. 2. 2.1,  and 

3. 3. 2. 3  were  deleted  in  F-16  spec.  These 
requirements  were  assessed  to  be  based  on  a 
questionable  data  base  and  have  histori¬ 
cally  been  difficult  to  verify  from  flight 
test  data. 

F-15,  F-26,  C-141:  Paragraphs  3. 3. 2. 2.1  (P0Sp/Pav)  and  3. 3. 2. 3 

($Qgc/$av)  should  not  be  a  problem  if 
3. 3. 1.1  (5^^)  Is  set  at  sufficient  value; 
these  paragraphs  add  little  to  evaluation 
of  F-15 

AMST,  B-l:  Paragraph  3. 3. 2. 2  values  seem  too  low  based 

on  DC-10  and  B-l  data;  paragraphs  3. 3. 2. 2.1 
and  3.  3. 2. 3  are  redundant  and  only  3. 3. 2. 3 
should  be  retained. 


Paragraph  3. 3.2.2  of  MIL-F-8785C  set  limits  on  roll  at  the  first 
minimum  following  the  first  peak  in  response  to  a  step  roll  control 
input .  No  data  have  been  found  that  show  this  to  give  results  different 
from  Posc/pav*  In  fact,  they  are  directly  related,  since  (from  Refer¬ 
ence  11), 

The  numerical  values  of  the  roll  rates  specified  in  3. 3. 2.2 
were  transformed  from  the  values  of  Posc/pav  lor  "adverse  yaw" 
in  3. 3. 2. 2.1.  Thus,  the  requirements  of  3. 3. 2. 2  and  3. 3. 2. 2.1 
are  essentially  identical  for  airplanes  with  "adverse  yaw." 
However,  the  requirement  of  3. 3. 2. 2  is  far  more  lenient  than 
the  requirement  of  3. 3. 2. 2.1  for  airplanes  with  "proverse  yaw." 

Likewise,  a  requirement  based  on  and  'I'g  (3. 3. 2. 3  of  MIL-F- 

8785C)  would  be  expected  to  give  results  similar  to  p_ap/p.,r.  For  these 

08  C  flV 

reasons,  only  the  Posc/Pav  requirement  of  MIL-F-8785C  has  been  retained. 
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3.5. 1.1.5  Time  delay 
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A.  REASON  FOR  REQUIREMENT 

This  requirement  is  intended  tc  ir.3ure  that  the  combined  delay 
contributions  of  prefilters,  SAS,  servos,  etc.,  do  not  degrade  roll 
control  • 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.5.3. 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 5. 1.1.5  Time  delay.  The  value  of  the  equivalent  time  delay,  Te  , 
shall  be  no  greater  than  the  following:  _ .  P 


Recommended  values 
Table  1. 


of 


defined 


in 


3. 5. 1.1.1, 


are  given  in 


TABLE  1  (3. 5. 1.1. 5) 


RECOMMENDED  ALLOWABLE  EQUIVALENT  DELAY 


LEVEL 

ALLOWABLE  DELAY 
(sec) 

1 

0.10 

2 

0.20 

3 

0.25 

D.  RATIONALE  BEHIND  REQUIREMENT 

Based  upon  extensive  research  into  the  effect  of  time  delays  in  the 
pitch  axis,  the  important  contribution  of  delays  is  well  known.  This 
requirement  extends  to  the  roll  axis  ie  limits  imposed  on  the  pitch  axis 
in  Para.  3.2. 1.1.  For  lack  of  substantive  data,  the  limits  remain 
unchanged  from  MIL-F-8785C.  As  data  become  available,  these  limits 
should  be  evaluated  and  adjusted  if  necessary. 


E.  GUIDANCE  FOR  APPLICATION 

Paragraph  3. 5. 1.1.1,  which  sets  roll  mode  limits,  discusses  the  use 
of  equivalent  system  matching  of  the  roll  rate  response  to  roll 
controller  to  extract  Ts,  TR,  and  Tep*  That  section  should  be  consulted 
for  more  information. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Appropriate  values  of  will  require  equivalent  system  matching, 
as  discussed  above. 

G.  SUPPORTING  DATA 

Little  in  the  way  of  hard  data  is  available.  However,  the  effect  of 
equivalent  time  delay  was  found  to  be  significant  in  the  longitudinal 
axis  (see  3. 2.1.1).  This  result  is  seen  to  extend  to  the  lateral  axis 
based  upon  the  LATHOS  study  of  Reference  258  (Figure  1).  In  fact,  for 
the  demanding  task  used  in  the  LATHOS  program  (air-to-air  refueling  and 
bank  angle  tracking  on  the  HUD),  any  time  delay  above  the  basic  NT-33 
value  resulted  in  Level  2  ratings.  Hence  there  is  some  evidence,  though 
not  enough  to  support  a  change  in  the  requirement,  that  effective  time 
delay  may  be  more  critical  in  the  lateral  than  in  the  longitudinal  axis. 

t 

H.  LESSONS  LEARNED 

None  available. 
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Note  ■■  A  re  represents  the  additional  time  delay 
above  the  basic  NT- 33  control  system 
value  of  approximately  .05  sec 


Figure  1  (3. 5. 1.1. 5).  Effect  of  Time  Delay, 
LATHOS  Data  (Reference  258) 
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3.5.2 


Pilot-Induced  Roll  Oscillations 


A.  REASON  FOR  REQUIREMENT 

This  is  simply  a  statement  to  expressly  forbid  neutral  or  unstable 
closed-loop  oscillations  in  roll.  The  need  for  such  a  requirement  is 
self-evident . 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3.3 

C.  STATEMENT  OF  REQUIREMENT 

3*5.2  Pilot-Induced  Roll  Oscillations.  There  shall  be  no  tendency 
for  sustained  or  uncontrollable  roll  oscillations  resulting  from  efforts 
of  the  pilot  to  control  the  airplane. 

D.  RATIONALE  BEHIND  REQUIREMENT 

There  is  an  obvious  need  for  some  requirement  to  prevent  the  devel¬ 
opment  of  pilot-induced  oscillations  (PIOs).  Due  to  the  lack  of  a 
reliable  quantitative  measure,  the  requirement  is  written  in  terms  of 
subjective  evaluations.  It  is  of  course  hoped  that  meeting  the  (other) 
quantitative  requirements  of  this  standard  will  prevent  a  lateral  PIO. 

E.  GUIDANCE  FOR  APPLICATION 

This  requirement  should  apply  to  all  flight  conditions  and  tasks, 
and  to  all  Levels,  since  zero  or  negative  closed-loop  damping  is  to  be 
avoided  under  any  flight  condition  or  failure  state. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  existence  of  a  PIO  tendency  Is  difficult  to  assess.  Therefore, 
no  specific  flight  conditions  or  tasks  are  recommended,  though  a  high- 
stress  task  such  as  approach  and  landing  with  a  lateral  offset,  or 
terrain  following  may  reveal  PIO  proneness. 
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G.  SUPPORTING  DATA 


None* 

H.  LESSONS  LEARNED 

See  3. 2. 2. 2  for  discussion  of  applicable  considerations  and  data,  in 
that  case  directed  at  longitudinal  PIOs  in  general*  The  occurrence  of 
lateral  PIOs  has  been  less  frequent,  but  there  are  one  or  two  known 
cases  and  causes.  For  example,  the  M2-F2  lifting  body  (Reference  61) 
encountered  several  divergent  PIOs  during  flight  testing*  The  primary 
cause  was  found  to  be  the  coupled  roll  subsidence/spiral  mode  (see 
Lessons  Learned  for  Para.  3. 5. 1*1* 3). 

A  second  cause  of  observed  lateral  PIO  tendencies  is  the  oj^/cdj  >  1 
effect  noted  and  explained  in  Figure  2b  (3. 5. 1.1. 4)  and  also  in  Refer¬ 
ence  225.  Another  less  prevalent  cause  is  associated  with  control- 
surface  rate  saturation.  In  this  case  the  pilot  tries  to  apply  lateral 
control  at  a  rate  greater  than  the  maximum  surface  rate,  thereby  getting 
out  of  phase.  The  quantitative  aspects  of  such  rate-limiting  are  given 
in  the  appendix  of  Reference  225  and  involve  gain  and  phase  decrements 
that  are  functions  of  the  ratio  of  commanded  to  saturation  rate. 

PIOs  on  recent  aircraft  have  been  related  to  roll  responses  which 
are  both  too  low  (F-18)  and  too  high  (YF-16).  These  cases  are  discussed 
in  Paras.  3. 5. 9.1  and  3.5.10.3. 
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3.5.3 


Residual  Roll  Oscillations 


A.  REASON  FOR  REQUIREMENT 

This  requirement  is  Intended  to  prevent  limit  cycles  in  the  control 
system  or  structural  oscillations  which  might  Interfere  with  mission 
performance. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3. 1.1 


C.  STATEMENT  OF  REQUIREMENT 

3.5.3  Residual  Roll  Oscillations.  Any  sustained  residual  oscilla¬ 
tion  a  in  calm  air  shall  not  interfere  with  the  pilot's  ability  to  per¬ 
form  the  tasks  required  in  service  use  of  the  airplane. 

D.  RATIONALE  BEHIND  REQUIRBtENT 

The  roll-axis  requirements  of  3.5.1  and  3.5.2  should  prevent  open- 
loop  (aerodynamically  induced)  and  closed-loop  (pilot- induced)  oscil¬ 
lations*  This  requirements  sets  limits  on  oscillations  from  other 
sources.  Its  intent  is  to  recognize  thresholds  below  which  the  pilot 
would  be  insensitive  to  roll  oscillations. 

E.  GUIDANCE  FOR  APPLICATION 

None  required. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  for  other  roll-axis  requirements  should  reveal  any 
problems  with  residual  oscillations. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.5.4 


Linearity  of  Roll  Response  to  Roll  Controller 


A.  REASON  FOR  REQUIREMENT 

Nonlinear  responses  to  control  inputs  can  result  in  poor  handling 
qualities.  This  requirement  is  intended  to  disallow  levels  of  nonlinear 
response  that  interfere  with  precision  control  of  bank  angle. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 4. 4 

C.  STATEMENT  OF  REQUIREMENT 

3.5.4  Linearity  of  Roll  Response  to  Roll  Controller.  There  shall 
be  no  objectionable  nonlinearities  in  the  variation  of  rolling  response 
with  roll  control  deflection  or  force.  Sensitivity  or  sluggishness  in 
response  to  small  control  deflections  or  force  shall  be  avoided. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  requirement  is  directed  at  precision  of  control.  Objectionable 
nonlinearities  can  be  those  due  to  excessive  friction,  detents,  non¬ 
linear  force  gradients,  nonlinear  Cn(6ag),  or  c£(5as)>  spoiler  lag,  etc. 

E.  GUIDANCE  FOR  APPLICATION 

It  has  not  been  possible  to  specify  values  for  tolerable  levels  of 
nonlinearltles,  so  reliance  must  be  placed  on  qualitative  pilot  evalua¬ 
tions  • 

F.  DEMONSTRATION  OF  COMPLIANCE 

Tests  using  1/4,  1/2,  3/4,  and  full  aileron  are  commonly  used  to 
demonstrate  compliance.  Such  tests  can  also  be  used  to  help  determine  k 
for  use  in  3. 6.  2. 1. 
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G.  SUPPORTING  DATA 


None* 

H.  LESSONS  LEARNED 

Experience  with  roll  command  augmentation  systems.  In  which  roll 
rate  response  Is  made  directly  proportional  to  stick  force,  shows  that 
some  degree  of  nonlinearity  Is  necessary.  This  Is  discussed  In  Para¬ 
graph  3*5.10.3.  As  the  treatise  there  would  suggest,  "linearity"  Is  not 
the  best  word  to  use,  since  "no  objectionable  nonllnearltles"  Implies 
that  a  linear  roll  rate  response  to  stick  Input  (p/F  or  p/6__)  Is 
desirable.  Figure  2  (3.5.10.3)  should  be  consulted  for  additional 
guidance. 
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3.5.5  Lateral  Acceleration  at  Pilot  Station 


A.  SEASON  FOR  REQUIREMENT 

In  cases  where  the  pilot  location  Is  well  forward  of  the  center  of 
gravity  or  well  above  the  roll  axis,  coordinated  turns  (0  »  0)  are 
accompanied  by  large  lateral  accelerations  at  the  cockpit.  This 
requirements  is  included  to  limit  such  accelerations  to  acceptable 
levels. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
None. 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5.5  Lateral  Acceleration  at  Pilot  Station.  The  ratio  of  maximum 
lateral  acceleration  at  the  pilot  station  to  maximum  roll  rate  shall  not 
exceed _  for  the  first  2-1/2  seconds  following  a  step  roll  con¬ 

trol  input. 

Recommended  values; 

nyPiictmax/p®ax 
Level  (g/deg/Bec) 

1  0.012 

2  0.035 

3  0.058 


D.  RATIONALE  BEHIND  REQUIREMENT 


Concern  over  lateral  acceleration  is  primarily  due  to  ride  qualities 
although  in  some  cases  aircraft  control  can  be  affected  due  to  arm/ 
bobweight  effects. 


A  criterion  based  on  the  ratio  ny  .  /Pmax  includes  in  it  the 

/pllotmax 

recognition  that  pilot  acceptance  of  high  accelerations  is  a  function  of 


aircraft  rolling  performance.  Such  a  criterion  was  proposed  by  Chalk  in 
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Reference  104  for  large  aircraft,  and  the  recommended  values  are  based 
on  flight  results  with  the  Total  In-Flight  Simulator  (T1FS)  (see 
"Supporting  Data”)*  Some  refinement  of  the  limits  may  be  necessary  for 
Class  I,  II,  and  IV  aircraft. 

E.  GUIDANCE  FOR  APPLICATION 

Due  to  the  tentative  nature  of  this  requirement,  it  should  be 
applied  primarily  as  a  guideline  until  more  data  can  be  obtained. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Both  large  and  small  step  roll  control  inputs  should  be  used,  and 
"ypilot  and  pmax  measured  within  the  first  2.5  sec  of  application  of 
the  control. 

G.  SUPPORTING  DATA 

The  criterion  was  derived  in  Reference  104  as  a  proposed  flying 
qualities  requirement  for  Supersonic  Cruise  Research  (SCR)  aircraft. 
Figure  1  shows  TIPS  data  compared  with  Cooper-Harper  pilot  ratings. 
Correlation  is  quite  good,  though  more  data  should  be  gathered,  espe¬ 
cially  for  other  Classes  of  aircraft. 

H.  LESSONS  LEARNED 

Pilots  of  some  large  aircraft,  and  of  fighters  at  very  high  angles 
of  attack,  have  complained  of  excessive  lateral  accelerations  at  the 
cockpit.  When  dealing  with  aircraft  where  the  cockpit  location  is 
either  well  forward  of  the  center  of  gravity  or  well  above  the  roll 
axis,  designing  the  rudder  augmentor  to  coordinate  the  turns  (B  ■  0)  can 
produce  unacceptable  lateral  accelerations  at  the  pilot  stations. 


PILOT 

RATING 


T" 

1.0 


2.0 

9's 

rad/sec 


I 

3.0 


4.0 


ypi  lot 


max 


max 


Step  Input 
t  $  2.5  sec 


NOTES:  1.  Flagged  points  are  configurations  specifically  downgraded  by 

Pilot  A  due  to  poor  Dutch  roll  damping  -  not  lateral  acceleration. 

2,  The  lines  indicate  degradation  in  pilot  rating  to  be  expected 
because  of  ride  qualities  for  an  airplane  with  otherwise  satis¬ 
factory  flying  qualities  parameters. 


Figure  1  (3.5.5).  Lateral  Acceleration  Criterion  Versus 
Pilot  Rating  from  Reference  104 


407 


3.5.6  Roll  Response  to  Yaw  Controller 


A.  REASON  FOR  REQUIREMENT 

This  requirement  Is  Included  to  Insure  that  the  bank  angle  and  roll 
control  In  straight,  steady  sideslips  Is  conventional.  In  accordance 
with  pilot  experience. 

B.  BELATED  MIL-F-8785C  REQUIREMENTS 

3.3.6,  3. 3.6. 2,  3.3.6. 3,  3. 3. 6. 3.1,  3. 3. 6. 3. 2 

C.  STATEMENT  OP  REQUIREMENT 


3.5.6  Roll  response  to  yaw  controller.  The  following  requirements 
are  expressed  In  terms  of  characteristics  In  yaw-control-induced  steady, 
zero-yaw-rate  sideslips  with  the  airplane  trimmed  for  wings-level 
straight  flight,  at  sideslip  angles  up  to  those  produced  or  limited  by: 

a)  Full  yaw-control-pedal  deflection,  or 

b)  250  pounds  of  yaw-control-pedal  force,  or 

c)  Maximum  roll  control  or  surface  deflection, 

except  that  for  single-propeller-driven  airplanes  during  waveoff 
(go-around),  yaw-control-pedal  deflection  In  the  direction  opposite  to 
that  required  for  wings-level  straight  flight  need  not  be  considered 
beyond  the  deflection  for  a  10  degree  change  In  sideslip  from  the  wings- 
level  straight  flight  condition.  At  these  sideslip  angles  the  following 
shall  apply: 

a)  A  decrease  in  right  bank  angle  shall  not  accompany  an 
increase  in  right  sideslip,  and  a  decrease  in  left  bank 
angle  shall  not  accompany  an  increase  in  left  sideslip. 

Zero  roll  control  force  or  deflection  is  acceptable, 
whereas 

b)  A  right  roll-control  deflection  and/or  force  shall  not 
accompany  left  sideslips,  and  a  left  roll-control  deflec¬ 
tion  and/or  force  shall  not  accompany  right  sideslips. 

For  Levels  1  and  2,  the  variation  of  roll-control  deflec¬ 
tion  and  force  with  sideslip  angle  shall  be  essentially 
linear.  This  requirement  may,  if  necessary,  be  excepted 
for  waveoff  (go-around)  if  task  performance  is  not 
impaired  and  no  more  than  50  percent  of  roll-control  power 
available  to  the  pilot,  and  no  more  than  10  pounds  of 
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roll-control  force  ere  required  in  a  direction  opposite  to 
that  specified  herein*  In  addition,  for  Levels  1  and  2 
positive  effective  dihedral  (right  roll  control  for  right 
sideslip  and  left  roll  control  for  left  sideslip)  shall 
never  be  so  great  that  more  than  75  percent  of  roll- 
control  power  available  to  the  pilot,  and  no  more  than 
10  pounds  of  roll-stick  force  or  20  pounds  of  roll-wheel 
force,  are  required  for  sideslip  angles  that  might  be 
experienced  in  service  employment • 


D.  RATIONALE  BEHIND  REQUIREMENT 

While  there  is  some  evidence  that  pilots  do  not  object  to  zero  bank 
in  straight  sideslips,  opposite  bank  seems  to  be  disconcerting.  There¬ 
fore,  (a)  requires  only  that  bank  angle  does  not  change  adversely  with 
sideslip. 

Requirement  (b)  is  simply  the  "stick-free"  version  of  (a);  i.e., 
it  is  in  terms  of  roll-control  force  to  hold  zero  bank  angle  in  side¬ 
slips.  The  relaxation  of  (b)  for  waveoff  (go-around)  has  been  found 
both  necessary  on  occasion  and  tolerable.  In  this  exception,  allowable 
roll-control  force  is  not  made  a  function  of  the  type  of  controller, 
since  one-handed  operation  must  be  assumed  for  the  waveoff  or  go-around 
maneuver.  The  phrase  "available  to  the  pilot"  is  used  to  take  into 
account  the  fact  that  control  surface  position  can  be  determined  by  both 
the  pilot  and  the  stability  augmentation  system.  The  pilot  must  be  able 
both  to  maneuver  and  to  cope  with  disturbances,  so  a  control  margin  is 
provided . 

Finally,  (b)  specifies  allowable  control  power  necessary  for  the 
sideslips  and  allowable  roll-control  forces  as  a  function  of  type  of 
controller.  Since  this  relates  directly  to  aircraft  usage,  that  is,  the 
size  of  sideslip  that  "might  be  experienced  in  service  employment,"  and 
since  this  is  a  very  strong  function  of  aircraft  type,  the  requirement 
is  tied  to  normal  operational  usage.  A  margin  of  control  power  must  be 
left  for  the  pilot  to  cope  with  disturbances. 


409 


G.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  intended  to  preclude  negative  effective  dihe¬ 
dral*  It  also  places  limits  on  roll  control  forces  and  displacements 
when  the  dihedral  is  large*  It  is  not  desirable  to  use  ruddcr-to- 
aileron  crossfeeds  to  meet  this  requirement  inasmuch  as  such  mech¬ 
anizations  augment  anc*  not  Lg  as  desired* 

F.  DEMONSTRATION  OF  COMPLIANCE 

A  series  of  steady  sideslips a  as  specified ,  should  be  performed  over 
the  operating  envelope  of  the  airplane* 

G.  SUPPORTING  DATA 

In  reviewing  this  requirement  (for  MIL-F-8785B) ,  consideration  was 
given  to  putting  some  lower  limit  on  dihedral  effect  since  data  such  as 
those  presented  In  Reference  44  [see  Figure  4  (3.5. 1.1.1)]  indicate  that 
zero  or  low  Lg  is  undesirable.  Reference  44  indicates  that  the  zero-Lg 
configurations  were  down-rated  because  the  pilots  were  forced  to  use 
rudder  pedals  to  damp  the  dutch  roll  oscillations.  Fighter  pilots,  in 
particular,  desired  some  dihedral  to  enable  them  to  damp  the  dutch  roll 
using  ailerons  alone.  On  the  other  hand,  pilots  evaluating  a  prototype 
assault  transport  (YC-15)  with  zero  effective  dihedral  liked  it,  com¬ 
menting  on  the  uncoupled  yaw  response  to  rudder. 

H.  LESSONS  LEARNED 

None. 
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3.5.7  Roll  Axis  Control  for  Takeoff  and  Landing  In  Crosswinds 


A.  REASON  FOR  THIS  REQUIREMENT 

This  paragraph  assures  good  roll-axis  flying  qualities  In  crosswind 
takeoffs  and  landings  and  specifies  the  limiting  crosswinds  to  be 
applied  in  various  other  roll  control  power  and  force  requirements. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.7 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5.7  Roll  Axis  Control  for  Takeoff  and  Landing  In  Crosswinds.  It 
shall  be  possible  to  take  off  and  land  with  normal  pilot  skill  and  tech¬ 
nique  in  90  deg  crosswinds  from  either  side  of  velocities  up  to  _  kt. 


Recommended  values : 


TABLE  1  (3.5.7) 

RECOMMENDED  MINIMUM  CROSSWIND  VELOCITY  REQUIREMENTS 


LEVEL 

CLASS 

CROSSWIND 

1  and  2 

I 

20  kt 

II,  III,  and  IV 

30  kt 

Water-based 

airplanes 

20  kt 

3 

All 

One-half  the 
values  for 
Levels  1  &  2 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  was  taken  directly  from  MIL-F-8785C.  An  attempt  to 
specify  pilot  workload  in  terms  of  the  Level  definitions  in  Para.  3.9.1 
was  found  to  be  too  complex  and  hence  was  deleted  from  the  draft  report. 
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E.  GUIDANCE  FOR  APPLICATION 

The  crosswiad  specified  herein  will  affect  not  only  this  paragraph, 
but  also  the  roll  power  (3.  5.9.3)  and  force  (3. 5. 10.6.3)  requirements, 
all  of  which  should  be  reviewed  at  the  same  time*  In  addition,  the 
Identical  requirement  for  the  yaw  axis  (3.6.3)  should  be  considered, 
where  it  will  be  seen  that  the  same  crosswind  velocities  are  specified. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Since  flight  testing  in  steady,  90  degree  crosswinds  of  the  speci¬ 
fied  velocity  may  be  unacceptably  hazardous  for  Level  2  and  3  opera¬ 
tions,  takeoffs  and  landings  may  be  performed  in  some  crosswinds  less 
than  (but  close  to)  the  required  velocity.  Additional  slow  flight  may 
then  be  conducted  at  a  safe  (but  low)  altitude. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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*»*  . 


A.  SEASON  FOR  REQUIREMENT 


The  need  for  this  subjective  requirement,  for  those  airplanes  for 
which  it  is  applicable,  is  obvious. 

B.  RELATED  MIL-F-8785B  REQUIREMENT 


3. 3. 9. 3 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 5. 8.1  Roll  axis  response  to  asymmetric  thrust.  The  airplane 
motions  following  sudden  asymmetric  loss  of  thrust  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective  action.  A  real¬ 
istic  time  delay  of  at  least  _  second  shall  be  considered. 

Recommended  time  delay;  1  second. 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  is  written  qualitatively  due  to  lack  of  real  test 
data  for  specifying  a  quantitative  limit.  This  is  considered  to  be  the 
best  approach  at  this  time  in  light  of  the  many  variables  that  would 
have  to  be  considered  in  specifying  a  strictly  quantitative  requirement. 

B.  GUIDANCE  FOR  APPLICATION 

Of  primary  importance  in  applying  this  requirement  is  choice  of  the 
most  critical  flight  conditions.  From  a  safety-of-f light  standpoint, 
the  most  sensitive  condition  should  be  at  VMq,  the  minimum  control 
speed.  The  following  excerpt  from  FAR  Part  25  (Reference  118,  25.149) 
serves  as  a  reasonable  guideline  for  designing  for  VMC: 


1 


i 


[(b)]  VMC  is  the  calibrated  airspeed,  at  which, 
when  the  critical  engine  is  suddenly  made 
inoperative,  it  is  possible  to  recover  control  of 
the  airplane  with  that  engine  still  inoperative, 
and  maintain  straight  flight  either  with  zero  yaw 
or,  at  the  option  of  the  applicant,  with  an  angle 
of  bank  of  not  more  than  5  degrees* 

1(c)  Vwq  may  not  exceed  1.2  Vg  with  —  ] 

(1)  Maximum  available  takeoff  power  or  thrust  on 
the  engines; 

(2)  The  most  unfavorable  center  of  gravity; 

(3)  The  airplane  trimmed  for  takeoff; 

(4)  The  maximum  sea  level  takeoff  weight  (or  any 
lesser  weight  necessary  to  show  VMC)j 

(5)  The  airplane  in  the  most  critical  takeoff 
configuration  existing  along  the  flight  path  after 
the  airplane  becomes  airborne,  except  with  the 
landing  gear  retracted;  and 

(6)  The  airplane  airborne  and  the  ground  effect 
negligible  [;  and 

[(7)  If  applicable,  the  propeller  of  the 

inoperative  engine  — 

[(i)  Windmilling; 

[  ( ii )  In  the  most  probable  position  for  the 

specific  design  of  the  propeller  control;  or 

[  ( iii )  Feathered,  if  the  airplane  has  an 
automatic  feathering  device....] 

In  specifying  "realistic"  time  delay,  the  user  should  consider  the 
following: 

This  time  delay  should  include  an  interval  between 
the  occurrence  of  the  failure  and  the  occurrence  of  a 
cue  such  as  acceleration,  rate,  displacement,  or 
sound  that  will  definitely  indicate  to  the  pilot  that 
a  failure  has  occurred,  plus  an  additional  interval 
which  represents  the  time  required  for  the  pilot  to 
diagnose  the  situation  and  initiate  corrective 
action. 

This  was  how  the  time  delay  was  defined  in  MIL-F-8785C.  Depending  upon 
expected  initial  pilot  alertness  and  tightness  of  control,  the  magni¬ 
tude,  timing  and  unambiguity  of  pilot  cues,  and  the  type  and  variety  of 
pilot  action  required,  one  second  might  be  quite  unrealistically  short. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Simulated  engine  failure  conditions  must  be  performed  In  flight, 
covering  at  least  the  critical  conditions  specified  by  either  the  pro¬ 
curing  activity  or  the  contractor,  and  covering  the  range  of  service 
speed  and  altitude* 

G.  SUPPORTING  DATA 

None* 

H.  LESSONS  LEARNED 

None. 
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3. 5. 8. 2 


Roll  axiB  response  to  failures 


A.  REASON  FOR  REQUIREMENT 

Adequate  protection  for  failure  transients  and  severity  of  failed 
conditions  must  be  provided  In  the  roll  axis. 

B.  RELATED  MXL-F-8785C  REQUIREMENTS 

3.4.8,  3.4.9,  3.5.5. 1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 5. 8. 2  Roll  axis  response  to  failures. 

a)  Closed-Loop:  The  aircraft  motions  following  sudden  air¬ 
craft  system  or  component  failures  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective 

action.  A  time  delay  of  at  least  _  sec  between  the 

failure  and  initiation  of  pilot  corrective  action  shall  be 
Incorporated  when  determining  compliance.  No  single 
failure  of  any  component  or  system  shall  result  in  Level  3 
flying  qualities;  Special  Failures  States  (1.6.3)  are 
excepted.  The  crew  member  concerned  shall  be  provided 
with  immediate  and  easily  interpreted  indications  whenever 
failures  occur  that  require  or  limit  any  flight  crew 
action  or  decision. 

b)  Open-Loop:  With  controls  free,  the  aircraft  motions  due 
to  partial  or  complete  failure  of  the  augmentation  system 

shall  not  exceed  the  following  limits:  _ , 

for  at  least  _  seconds  following  the  failure. 

Recommended  values: 

a)  Minimum  time  delay:  1  second. 

b)  Transient  motions  (within  first  2  seconds  following 
failure): 

Levels  1  and  2  (after  failure):  ±0.5  g  incremental 

lateral  acceleration  at  the  pilot's  station  and  ±10  deg 
per  second  roll  rate,  except  that  neither  stall  angle  of 
attack  nor  structural  limits  shall  be  exceeded.  In  addi¬ 
tion,  for  Category  A,  ±2  deg  bank  angle. 

Level  3  (after  failure):  No  dangerous  attitude  or  struc¬ 
tural  limit  is  reached,  and  no  dangerous  alteration  of  the 
flight  path  results  from  which  recovery  is  impossible. 


416 


D.  RATIONALE  BEHIND  REQUIREMENT 


The  rationale  behind  and  need  for  this  qualitative  requirement 
should  be  self-evident.  Similar  requirements  are  found  In  the  pitch  and 
yaw  axes  (3.2.7. 2  and  3. 6. 4. 2,  respectively). 

E.  GUIDANCE  FOR  APPLICATION 

Guidance  for  Application  for  Para.  3.5. 8.1  should  be  consulted  for 
information  on  defining  a  ’'realistic"  time  delay. 

A  pilot,  especially  if  he  is  not  alert  for  failures,  may  not  detect 
a  failure  or  adapt  immediately.  In  some  cases  his  consequent  Inability 
to  adapt  can  result  in  a  pilot/airf rame  closed-loop  instability,  even  if 
the  airplane  itself  remains  stable  (Reference  119).  Allowance  for  this 
phenomenon  should  be  made  in  deciding  the  suitability  of  any  required 
pilot  corrective  action.  The  required  failure  indications  depend  on 
operational  rules.  Consistent  maintenance  and  checkout  capability  and 
rules  should  be  established.  The  flight  control  system  specification 
should  also  be  consulted,  as  should  flight  safety,  maintenance,  and 
reliability  requirements. 

P.  DEMONSTRATION  OP  COMPLIANCE 

Guidelines  for  demonstrating  compliance  with  this  requirement  are 
difficult  to  specify;  any  failures  specified  under  3. 1.6.2,  "Generic 
failure  analysis,"  should  be  evaluated  in  flight  testing  at  the  appro¬ 
priate  flight  conditions. 

G.  SUPPORTING  DATA 
None. 

H.  LESSONS  LEARNED 

None. 


417 


3. 5. 8.3 


Roll  axis  response  to  configuration  or  control  node  change 


A.  REASOI  FOR  REQUIREMENT 

Roll  transients  due  to  Intentional  mode  switching  must  not  be 
excessive. 

B.  RELATED  KEL-F-8785C  REQUIREMENTS 

3.5.6,  3.5.6. 1. 

G.  STATEMENT  Ok  REQUIREMENTS  AND  RECOMMENDED  VALDES 

3. 5. 8. 3  Roll  axis  response  to  configuration  or  control  mode 
change .  The  transient  motions  and  trim  changes  resulting  from  the 
intentional  engagement  or  disengagement  of  any  portion  of  the  primary 
flight  control  system  by  the  pilot  shall  be  such  that  dangerous  flying 
qualities  never  result.  With  controls  free,  the  motion  transients 
resulting  from  these  situations  shall  not  exceed  the  following  limits 

for  at  least  _ seconds  following  the  transfer:  _ . 

These  requirements  apply  only  for  Aircraft  Normal  States. 

Recommended  values  for  transient  motions  (within  first  2  sec 
following  transfer): 

Within  the  Operational  Flight  Envelope:  +3  deg/sec  roll 
Within  the  Service  Flight  Envelope:  ±5  deg/sec  roll 

D.  RATIONALE  BEHIND  REQUIREMENT 


Since  the  intent  of  a  flight  control  system  is  to  improve  the  air¬ 
craft  response  characteristics  —  whether  measured  by  improved  flying 
qualities  or  by  increased  mission  effectiveness  —  any  system  which  can 
be  chosen  by  the  pilot  should  not  cause  noticeable  transient  motions. 
There  has  been  some  speculation  as  to  whether  a  small  transient  motion 
is  or  is  not  desirable.  The  argument  for  an  intentional  transient  is 
that  inadvertent  pilot  switching  of  autopilot  modes  is  less  likely  if 
accompanied  by  a  noticeable  transient  motion. 
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G.  GUIDANCE  FOR  APPLICATION 


No  specific  guidance  Is  offered  except  that  tests  should  be  con¬ 
ducted  at  the  most  critical  flight  conditions*  Similar  requirements  for 
pitch  (3.2. 7. 3)  and  yaw  (3. 6. 4. 3)  should  be  considered  concurrently* 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  at  the  corners  of  the  expected  operational  envelopes 
for  any  control  systems  must  be  performed  (e.g.,  a  SAS  for  power  ap¬ 
proach  must  be  switched  at  the  highest  and  lowest  expected  airspeeds,  at 
low  altitudes).  Limited  analytical  and  ground-based  simulation  may  be 
used  to  supplement  actual  flight  testing,  especially  in  the  early  stages 
of  development.  But  flight  testing  is  ultimately  required. 

G*  SUPPORTING  DATA 

None* 

H.  LESSORS  LEARNED 

None. 
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A.  REASON  FOR  REQUIREMENT 

This  requirement  is  Included  to  insure  that  stores  release  will  not 
have  an  adverse  effect  on  flying  qualities. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.4.6 

C.  STATEMENT  OF  REQUIREMENT 

3. 5. 8. 4  Roll  axis  response  to  stores  release.  The  intentional 
release  of  any  stores  shall  not  result  in  objectionable  flight  charac¬ 
teristics  for  Levels  I  and  2.  However,  the  Intentional  release  of 
stores  shall  never  result  in  dangerous  or  intolerable  flight  character¬ 
istics.  This  requirement  applies  for  all  flight  conditions  and  store 
loadings  at  which  normal  or  emergency  store  release  is  structurally 
permissible . 

D.  RATIONALE  BEHIND  THE  REQUIREMENT 

This  paragraph  is  unchanged  from  MIL-P-8785C.  It  is  a  necessary 
catch-all  requirement.  Because  of  the  variety  of  possibilities,  it  must 
be  left  qualitative.  Similar  pitch-  and  yaw-axis  requirements  have  been 
specified  (3. 2. 7. 4,  3. 6. 4.4). 

E.  GUIDANCE  FOR  APPLICATION 

Evaluation  of  this  criterion  should  occur  as  a  natural  part  of 
operational  flight  testing.  It  is  not  subtle  and  requires  no  special 
analysis  or  interpretation. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Operational  flight  test  will  be  necessary  for  final  demonstration. 


G.  SUPPORTING  urn 


None  available* 
H.  LESSONS  LEARNED 

None  available* 
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3. 5. 8. 5  Roll  axis  response  to  armament  delivery 


A.  REASON  FOR  REQUIREMENT 


This  requirement  Is  Included  to  Insure  that  armament  delivery  will 
not  have  an  adverse  effect  on  flying  qualities  that  could  Impair  mission 
effectiveness • 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.4.7 

C.  STATEMENT  OF  REQUIREMENT 


3. 5. 8. 5  Roll  axis  response  to  armament  delivery.  Operation  of 
moveable  parts  such  as  bomb  bay  doors,  cargo  doors,  armament  pods, 
refueling  devices,  and  rescue  equipment,  or  firing  of  weapons,  release 
of  bombs,  or  delivery  or  pickup  of  cargo  shall  not  cause  buffet,  trim 
changes,  or  other  characteristics  which  impair  the  tactical  effective¬ 
ness  of  the  airplane  under  any  pertinent  flight  conditions.  These 
requirements  shall  be  met  for  Levels  I  and  2. 

D.  RATIONALE  BEHIND  THE  REQUIREMENT 


This  paragraph  has  remained  unchanged  in  MIL-F-8785C  and  in  the  MIL 
Standard. 

E.  GUIDANCE  FOR  APPLICATION 


This  requirement  is  similar  to  3. 5.8.4. 

F.  DEMONSTRATION  OF  COMPLIANCE 


Operational  flight  test  should  be  required. 
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SUPPORTING  DATA 


None  available* 
LESSONS  LEARNED 

None  available* 
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3.5.9 


Roll  Axis  Control  Power 


3. 5. 9.1  Roll  axl3  control  power  —  response  to  roll  control  Inputs 

A.  REASON  FOR  REQUIREMENT 

Roll  power  Is  specified  In  terms  of  bank  angle  change  In  a  given 
time. 

B.  RELATED  MIL-P-8785C  REQUIREMENTS 

3.3.4,  3.3.4. 1,  3. 3. 4. 1.1,  3. 3. 4.1. 2,  3. 3. 4.2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3* 5. 9.1  Roll  axis  control  power  —  response  to  roll  control  Inputs. 
The  response  to  full  roll  control  input  shall  have  the  following  charac¬ 
teristics:  _ . 

The  following  paragraphs  Indicate  the  recommended  requirements. 

1.  Class  I  and  II  Airplanes 

Roll  performance  in  terms  of  a  bank  angle  change  in  a  given  time, 
$t.  Is  specified  In  Table  1  for  Class  I  and  Class  II  airplanes.  For 
Flight  Phase  TO,  the  time  required  to  bank  may  be  increased  proportional 
to  the  ratio  of  the  rolling  moment  of  inertia  at  takeoff  to  the  largest 
rolling  moment  of  Inertia  at  landing,  for  weights  up  to  the  maximum 
authorized  landing  weight. 


TABLE  1  (3.5,9. 1) 


ROLL  PERFORMANCE  FOR  CLASS  I  AND  II  AIRPLANES 
Time  Co  Achieve  Che  Following  Bank  Angle  Change  (Seconds) 


2.  Class  III  Airplanes 

Roll  performance  In  Cerms  of  <f>t  for  Class  III  airplanes  is  specified 
in  Table  2  over  Che  following  ranges  of  airspeeds: 


a  Or  V„  .  ,  whichever  is  greaCer  ^  Or  V.  ,  whichever  Is  less 
°min  ®  °max 


TABLE  2  (3. 5. 9.1) 


CLASS  III  ROLL  PERFORMANCE 
Time  to  Achieve  30  deg  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

RANGE 

CATEGORY  A 

CATEGORY  B 

CATEGORY  C 

L 

1.8 

2.3 

2.5 

1 

M 

1.5 

2.0 

2.5 

H 

2.0 

2.3 

2.5 

L 

2.4 

3.9 

4.0 

2 

M 

2.0 

3.3 

4.0 

H 

2.5 

3.9 

4.0 

3 

ALL 

3.0 

5.0 

6.0 

3.  Class  IV  Airplanes 

Roll  performance  for  Class  IV  airplanes  is  specified  over  the  fol¬ 
lowing  ranges  of  airspeeds: 

Speed 
Range 
Symbol 

VL 

L 

M 

H 

4  Or  V.  ,  ,  whichever  is  greater  b  Or  Vn  ,  whichever  is  less 
°min  °max 


Equivalent  Airspeed  Ranee 


For  Level  1 


For  Levels  2  and  3 


V°min  ^  V  <  Vmin  +  20  KTS  Vmin  S  V  ±  Vmin  +  20 


Vmin  +  20  KTSa  <  V  <  1.4  Vmln  Vmln  +  20  KTS  _<  V  <  1.4 


1.4  V.  ,  <  V  <  0.7  V  _  b 

°min  —  max 


1.4  V.  <  V  <  0.7  V  „ 
min  —  max 


0.  7  V  D  <  V  <  VQ 

max  —  —  °max 


0.  7  V  <  V  <  V 

max  —  —  max 
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Roll  performance  in  terms  of  <J>t  for  Class  IV  airplanes  is  specified 
in  Table  3.  Roll  performance  for  Class  IV  airplanes  in  Flight  Phase  CO 
is  specified  in  Table  4  in  terms  of  for  360  deg  rolls  initiated 

at  1  g,  and  in  Table  5  tor  rolls  initiated  at  load  factors  between 

0.8  nD(-)  and  0.8  nQ(+).  These  requirements  take  precedence  over 

Table  3.  The  roll  performance  requirements  for  Class  IV  airplanes  in 

Flight  Phase  GA  with  large  complements  of  external  stores  may  be  relaxed 
from  those  specified  in  Table  3,  subject  to  approval  by  the  procuring 
activity.  For  any  external  loading  specified  in  the  contract,  however, 
the  roll  performance  shall  be  not  less  than  that  in  Table  6,  where  the 
roll  performance  is  specified  in  terms  of  for  rolls  initiated  at  load 
factors  between  0.8  nQ(-)  and  0.8  nQ(+).  For  any  asymmetric  loading 
specified  in  the  contract,  roll  control  power  shall  be  sufficient  to 
hold  the  wings  level  at  the  maximum  load  factors  specified  in  3. 2. 8. 2 
with  adequate  control  margin. 


TABLE  3  (3. 5. 9.1) 

ROLL  PERFORMANCE  FOR  CLASS  IV  AIRPLANES 


Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEEh 

CATEGORY 

A 

CATEGORY  B 

CATEGORY  C 

RANGE 

30  deg 

50  deg 

90  deg 

90  deg 

30  deg 

VL 

1.1 

2.0 

1.1 

1 

L 

1.1 

1.7 

1.1 

M 

1.3 

1.7 

1. 1 

H 

1.1 

1.7 

1.1 

VL 

1.6 

00 

• 

CsJ 

1.3 

9 

L 

1.5 

2.5 

1.3 

M 

1.7 

2.5 

1.3 

H 

1.3 

2.5 

1.3 

VL 

2.6 

3.7 

2.0 

9 

L 

2.0 

3.4 

2.0 

M 

2.6 

3.4 

2.0 

H 

2.6 

3.4 

2.0 

TABLE  4  (3.5.9. 1) 


V 


V 


FLIGHT  PHASE  CO  ROLL  PERFORMANCE  IN  360  DEG  ROLLS 
Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

RANGE 

30  deg 

180  deg 

360  deg 

VL 

L 

1.4 

2.3 

4.1 

M 

1.6 

2.8 

H 

1.4 

2.3 

4.1 

— 

\ 

VL 

1.6 

9 

L 

1.3 

M 

1.3 

2.0 

3.4 

H 

1.7 

2.6 

4.4 

VL 

2.  5 

V  L 

M 

1.7 

3.0 

H 

2.1 

TABLE  5  (3.5.9. 1) 

FLIGHT  PHASE  CO  ROLL  PERFORMANCE 
Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


TABLE  6  (3. 5. 9.1) 


FLIGHT  PHASE  GA  ROLL  PERFORMANCE 
Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


D.  RATIONALE  BEHIND  REQUIREMENT 

The  tables,  definitions,  and  wording  of  this  requirement  are  colla¬ 
tions  of  the  various  roll  control  effectiveness  sections  of  MIL-F-8785C. 

1.  Class  IV  Requirements 

For  Class  IV  airplanes  the  Operational  and  Service  Flight  Envelopes 
have  been  divided  into  speed  ranges  with  different  requirements  for  the 
different  speeds.  This  change  reflects  lessons  learned  that  the  roll 
requirements  were  too  stringent  at  the  extremes  of  the  envelope.  In 
general,  the  revision  retains  the  MIL-F-8785B  roll  requirements  in  the 
speed  range  "M",  with  a  relaxation  in  the  other  speed  ranges  for  the 
Category  A  Flight  Phases . 

The  initial  proposals  for  the  speed  ranges  were  defined  using  ASD 
expe:  ence  with  the  F-I5  and  F-I6.  At  the  1978  Flying  Qualities  Sympo¬ 
sium  the  authors  of  MIL-F-8785C  presented  a  modified  definition  of  the 
speed  range  (Reference  163).  The  suggested  modification  —  to  have  the 
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four  speed  ranges  as  a  function  of  load  factor  —  was  incorrect.  The 
intent  is  to  require  a  certain  roll  performance  at  all  load  factors  in 
an  "operationally  useful"  speed  range,  as  sketched.  The  problem  then 
becomes  one  of  defining  the  required  speeds  in  a  general  way. 


For  the  final  version  of  MIL-F-8785C,  which  has  been  retained  in  the 
Standard,  we  returned  to  the  definitions  proposed  in  Reference  223.  We 
believe  that  these  represent  the  requirement  for  superior  roll  perfor¬ 
mance  at  combat  flight  conditions.  The  procuring  activity  should  retain 
that  philosophy  in  developing  a  system  specification.  It  may  be  that 
these  definitions  still  do  not  cover  all  cases.  It  Is  emphasized  that 
the  proposed  speed  ranges  should  be  tailored  to  the  specific  applica¬ 
tion.  The  intent  is  to  provide  sufficient  roll  maneuverability  to  do 
the  task  at  the  normal  speeds  for  that  task,  with  a  relaxation  permitted 
for  speeds  at  which  less  maneuverability  Is  normally  required.  A  task 
requirement  would  then  take  precedence  over  the  requirements  in  this 
section.  In  line  with  these  speed  ranges,  the  bank  angle  changes  are 
compatible  with  the  speed  at  which  the  roll  performance  will  be  demon¬ 
strated. 

Relaxations  in  roll  performance  at  low  speed  are  concessions  to  the 
difficulty  of  doing  better  without  adding  excessive  structural  weight, 
actuator  size,  etc.  We  do  this  reluctantly,  and  some  misgivings  remain. 
The  results  of  a  recent  air  combat  simulation  (Reference  224)  show  the 
single  outstanding  factor  influencing  convergence  and  kill  was  high  roll 
performance.  This  was  a  fixed-base  simulation,  however,  and  the  results 
must  be  balanced  against  feedback  that  pilots  may  not  be  able  to  use 
such  roll  rates  at  extreme  flight  conditions. 
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2.  Class  III  Requirements 

Class  III  roll  requirements  have  also  been  redefined  In  terms  of 
three  speed  ranges*  The  basic  requirements  for  Levels  2  and  3  were 
relaxed  somewhat  In  MIL-F-8785C  from  MIL-F-8785B: 

Category  B,  Level  2:  30  deg  In  3.3  sec.  Instead  of  3.0 

Category  B,  Level  3:  30  deg  In  5.0  sec,  instead  of  4.0 

Category  C,  Level  2:  30  deg  In  4.0  sec,  instead  of  3.2 

Category  C,  Level  3:  30  deg  in  6.0  sec,  instead  of  4.0 

Reference  59  concluded  from  a  "review  of  roll  control  used  in  vari¬ 
ous  experiments ... [that]  the  roll  control  authority  requirements .. .for 
Category  C  Flight  Phases  are  excessive  for  airplanes  that  do  not  have 
high  sensitivity  to  crosswind  and  turbulence.  Data  clearly  indicate 
that  there  is  an  interaction  between  the  roll  control  authority  and  the 
amount  of  roll  damping  and  roll  sensitivity  to  side  velocity."  The  data 
were  primarily  for  Class  II  and  III  airplanes. 

Roll  performance  of  the  C-5A  io  shown  in  Figure  1  (see  "Lessons 
Learned").  As  can  be  seen,  the  airplane  does  not  meet  the  specifica¬ 
tion;  however,  "the  roll  acceleration  available  was  considered  satisfac¬ 
tory  by  the  Joint  Test  Team  on  the  basis  of  the  offset  landing  maneuver, 
which  was  considered  a  practical  test  of  lateral-directional  maneuvera¬ 
bility."  In  cruise,  also,  the  airplane  was  considered  acceptable. 
Reference  36,  on  the  other  hand,  retained  the  MIL-F-8785B  requirements 
for  application  to  a  production  AMST,  where  the  critical  design  case  was 
to  balance  the  rolling  moment  at  stall  with  one  engine  failed.  Thus, 
although  there  is  some  justification  for  relaxing  the  Class  III  roll 
requirements,  that  must  be  done  considering  the  aircraft  mission  and 
potential  operation. 
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Figure  1  (3.5.9.  1 ) •  C—  5A  Flight  Test  Data 
(From  Reference  127) 
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E.  GFIMBCE  FCK  APPLICATIOH 


Of  major  importance  in  designing  and  producing  an  acceptable  air¬ 
plane  is  the  definition  of  the  roll  axis  used  in  compliance. 

The  roll  axis  is  not  specified  exactly  in  these  requirements.  Its 
desired  orientation  varies  with  the  pilot's  intent:  turns  (or 

straightening  out)  to  modify  the  flight  path,  barrel  rolls  to  slow  down, 
aileron  rolls  to  start  split  S's,  ....  The  most  frequent,  usually  most 
Important,  use  is  the  first-named,  for  turn  entry  or  exit.  With  respect 
to  Che  direction  of  flight,  a  roll  axis  tilted  up  corresponds  to  adverse 
yaw  (nose  lagging  the  turn  entry)  in  stability  axes;  while  a  nose-down 
tilt  indicates  proverse  yaw.  Rolling  about  any  axis  other  than  the 
flight  path  will  generate  sideslip,  thus  exciting  dutch  roll  motion  or 
even  departure  from  controlled  flight  at  high  angle  of  attack.  Other 
studies  have  shown  that  a  major  contributor  to  departure  is  the  pa  term 
in  the  side-force  equation: 

£Y  “  mVQ  (3  +  r  -  pa) 

and  paQ  is  of  course  zero  in  stability  axes. 

However,  the  cockpit  is  higher  above  a  flight-pa th-al igned  roll  axis 
at  high  angles  of  attack.  The  result  is  spurious  responses  to  roll  con¬ 
trol  inputs:  lateral  acceleration  as  in  the  C-5A,  F-15,  etc.;  visual 
slewing,  e.g.,  of  a  runway  threshold,  found  troublesome  for  the  YF-16. 
These  effects  involve  the  kinematic  relationships: 

Ayp  -  V0B  +  xpf  +  hpp 

vp  -  V0B  +  Xpr  +  hpp 

Also,  rolling  about  the  flight  path  at  high  angle  of  attack  creates  a 
flywheel  effect  producing  an  incremental  pitching  moment  of  p^Ixz. 

AL1  things  considered,  generally  it  appears  best  to  generate  and 
measure  the  roll  motion  in  stability  axes,  examining  the  results  care¬ 
fully  at  high  angle  of  attack,  where  the  difference  between  body  end 
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stability  axes  is  greatest.  In  order  to  achieve  the  needed  roll  perfor¬ 
mance  it  may  be  necessary  to  accept  some  uncomfortable  lateral  accelera¬ 
tions.  However,  these  accelerations  should  not  exceed  the  limits 
established  in  Para.  3.5.5. 

F.  DEMONSTRATION  OF  COMPLIANCE 

For  rolls  from  banked  flight,  the  initial  condition  shall  be  coor¬ 
dinated,  that  is,  zero  lateral  acceleration.  The  requirements  apply  to 
roll  commands  to  the  right  and  to  the  left,  initiated  both  from  steady 
bank  angles  and  from  wings-level  flight  except  as  otherwise  stated. 
Inputs  shall  be  abrupt,  with  time  measured  from  the  initiation  of  con¬ 
trol  force  application.  The  pitch  control  shall  be  fixed  throughout  the 
maneuver.  Yaw  control  pedals  shall  remain  free  for  Class  IV  airplanes 
for  Level  1,  and  for  all  carrier-based  airplanes  in  Category  C  Flight 
Phases  for  Levels  1  and  2;  but  otherwise,  yaw  control  pedals  may  be  used 
to  reduce  sideslip  that  retards  roll  rate  (not  to  produce  sideslip  that 
augments  roll  rate)  if  such  control  inputs  are  simple,  easily  coordi¬ 
nated  with  roll  control  inputs  and  consistent  with  piloting  techniques 
tor  the  airplane  class  and  mission. 

G.  SUPPORTING  DATA 

Little  in  the  way  of  supporting  data  has  been  generated  since  publi¬ 
cation  of  the  8IUG  for  MIL-F-8785B  (Reference  11)  in  1969.  The  changes 
made  to  8785C  (Reference  4)  —  specification  of  speed  ranges  for  bank 
angle  requirements  —  are  discussed  in  "Rationale  Behind  Requirement." 
For  this  Handbook  and  this  important  requirement,  the  focus  will  be  on 
flight  test  experience  with  modern  airplanes  —  i.e.,  on  lessons 
learned. 

H.  LESSONS  LEARNED 

Considerable  flight  test  data  and  pilot  commentary  are  available  on 
a  large  number  of  modern  airplanes.  These  will  be  shown  to  be  extremely 
valuable  in  supporting  the  roll  power  requirements.  However,  for  most 
of  the  data  to  be  presented  it  is  difficult  to  assure  that  all  other 
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lateral-directional  characteristics  (e.g.,  ui^,  TR,  Tg,  A6/k)  were 
Level  1,  so  qualitative  evaluations  may  be  somewhat  biased  by  these 
other  effects.  Also,  the  operational  speed  ranges  for  Class  III  and  IV 
airplanes  are  not  always  known,  so  it  is  necessary  to  compare  the  data 
only  generally  with  the  specific  performance  requirements.  In  some 
instances,  data  are  given  as  specified  in  MIL-F-8785B  —  times  for  a 
certain  bank  angle  change;  in  others  it  may  be  given  as  required  by  MIL- 
F-8785  —  bank  angle  change  in  one  second. 

Class  III  Airplanes 

Reference  126  contains  limited  substantiation  of  the  Class  III, 
Category  A  and  C  requirements.  For  the  P-3B  airplane, 

at  speeds  above  about  240  KEAS,  it  was  possible  to  achieve 
an  attitude  change  of  30  degrees  in  about  1.5  seconds. 
Discussions  with  qualified  P-3B  pilots  revealed  that  at 
speeds  near  and  above  240  KEAS  the  aircraft  had  excellent 
roll  maneuvering  capability  (aileron  displacement  is 
reduce  but  forces  are  still  a  bother).  These  comments  are 
considered  adequate  to  act  as  substantiation  of  the  Level 
1  requirement  for  Category  A  Flight  Phases.... In  Flight 
Phase  PA  at  125  KEAS  full  wheel  deflection  (112°)  produces 
a  30  degree  bank  angle  change  in  2.6  seconds.  This  roll 
response  was  evaluated  as  acceptable  but  unpleasant.  Part 
of  the  unpleasant  aspect  of  this  response  is  coupled  with 
high  lateral  control  forces  and  large  lateral  control  dis¬ 
placements,  assigned  a  Cooper  Rating  3.  The  30  degree 
bank  angle  change  In  2.6  seconds  is  considered  to  be  the 
minimum  acceptable  roll  performance  for  Level  1  flying 
qualities  and  thus  substantiates  the  Level  1  boundary  of 
the  specification  (30  degree  change  in  2.5  seconds). 

However,  for  a  larger  Class  III  airplane,  the  C-5A  (Reference  127), 
comparison  with  the  performance  requirements  is  poor,  as  Figure  1  shows. 
Similar  data  for  the  C-141A,  YC-141B,  and  L-1011  are  given  in  Figure  2, 
from  Reference  14.  From  Reference  14,  "Although  neither  the  C-5A  nor 
the  C-141A/YC-141B  comply  with  the  rolling  performance  requirements, 
qualitative  pilot  comments  indicate  that  both  airplanes  have  acceptable 
rolling  performance  in  the  cruise  configuration."  In  the  landing  con¬ 
figuration,  for  the  C-5A  (Reference  127), 
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Figure  2  (3.5.9. 1).  Roll  Performance  for  Class  III 
Airplanes  (From  Reference  14) 
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...the  roll  acceleration  available  was  considered  satis¬ 
factory  by  the  Joint  Test  Team  on  the  basis  of  the  offset 
landing  maneuver,  which  was  considered  a  practical  test 
of  lateral  directional  maneuver  ability.  The  offset  land¬ 
ing  maneuver  consists  of  approaching  the  runway  with  a 
200  foot  lateral  misalignment  on  a  3  degree  glldeslope. 

At  an  altitude  of  200  feet,  the  airplane  is  aligned  with 
the  runway  centerline  prior  to  touchdown. 

Acceptability  of  low  roll  performance  may  be  a  function  of  the 
amount  of  lateral  acceleration  felt  by  the  pilot,  i.e.,  as  the  acceler¬ 
ation  due  to  rapid  roll  control  inputs  increases,  pilot  acceptance  of 
the  roll  response  decreases.  For  the  C-5A,  from  Reference  127, 

In  order  to  meet  the  Level  1  requirements,  the  lateral 
control  system  would  have  to  be  improved  to  attain  a 
higher  bank  angle  change  in  the  first  second  of  roll.  On 
an  aircraft  with  a  very  large  rolling  moment  of  inertia, 
this  would  be  difficult  to  accomplish.  Increasing  the 
initial  roll  response  of  the  C-5A  would  further  aggravate 
the  very  noticeable  side  kick,  or  lateral  acceleration 
component,  in  the  cockpit  and  troop  compartment  that  is 
experienced  during  full  abrupt  control  input.  The  side 
kick  occurs  since  the  cockpit  and  troop  compartment  are 
located  considerably  above  the  principal  roll  axis  of  the 
airplane. 

The  flight  program  of  Reference  128  investigated  roll  requirements 
in  cruise  (Category  B)  for  transport  aircraft.  A  NASA  Lockheed  Jetstar 
was  equipped  with  a  model-following  simulation  to  produce  pure  rolling 
response  to  ailerons,  i.e., 


£_ 

«a 


L6jR 

Trs  +  1 


The  evaluation  consisted  of  various  rolling  and  turning  maneuvers, 
including  rapid  rolls  to  30  deg  bank  angle.  Cooper-Harper  ratings  for 
three  pilots  are  compared  in  Figure  3  with  times  to  bank  30  deg.  Only 
those  cases  for  which  TR  is  Level  1  are  shown.  These  data  support  the 
Levels  1  and  2  roll  requirements  extremely  well,  and  suggest  that  the 
Level  3  requirement  could  be  relaxed  from  5  sec  to  at  least  8  sec  or 
greater.  They  also  show  that  a  lower  limit  exists  at  somewhat  less  than 
one  second  due  to  high  roll  sensitivity. 
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It  must  be  pointed  out  that  since  the  Jetstar  Is  considerably 
smaller,  and  of  different  design  than  the  C-5A,  the  test  pilots  of 
Reference  128  would  not  have  been  subjected  to  the  large  lateral  accel¬ 
erations  discussed  above*  It  seems  clear,  however,  that  there  Is  some 
need  for  a  method  of  relaxing  the  roll  requirements  when  the  Level  1 
limits  result  In  objectionable  accelerations  at  the  pilot's  station. 

Pilot  ratings  for  a  CV-990  (Reference  129)  In  Category  B  and  C 
flight  support  the  Level  1  boundaries  of  Table  2,  as  shown  In  Figure  4. 

2.  Class  IV  Airplanes 


Data  for  the  F~4  (Reference  130)  are  given  in  Figures  5,  6,  and  7. 
Times  to  bank  for  these  figures  were  not  acjtual  test  values,  but  were 
calculated  from  known  roll  characteristics  for  various  F-4  aircraft. 
Therefore,  there  is  some  inherent  inaccuracy  in  the  values  of  <|>t 
plotted.  Figure  5  compares  pilot  ratings  and  <pt  with  the  Category  B 
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requirements  of  Table  3  (for  all  speed  ranges  except  VL).  While  the 
data  are  sparse.  It  at  least  appears  that  the  Level  1  requirement  of 
90  deg  In  1.7  sec  is  not  too  stringent.  For  Category  C  flight  (Fig¬ 
ure  6),  It  is  suggested  that  the  limits  may  be  too  severe.  Reference 
130  recommends  that  "For  Class  IV-L  and  -C  aircraft,  the  Level  1  minimum 
time  to  bank  to  30°  should  be  relaxed  to  1.3  seconds  and  the  lower 
Level  3  boundary  should  be  relaxed  to  30°  in  2.8  seconds."  Of  course, 
the  impact  of  the  Figure  6  data  is  mitigated  by  recognizing  the  possible 
inaccuracies  involved  in  computing  $t,  without  actual  test  data. 

In  Figure  7  the  boundaries  drawn  for  times  to  bank  90  deg  and 
360  deg  are  for  the  most  stringent  requirements  of  Table  4,  i.e.,  for 
Speed  Range  M.  The  data  tend  to  support  the  Level  1  limits,  but  suggest 
that  the  Level  2  limits  could  be  relaxed  considerably. 

F-5E  data  (Figure  8,  from  Reference  6)  for  Flight  Phase  CO  at 
elevated  load  factors  do  not  agree  well  with  the  Level  1  limits  of 
Table  5.  The  F-5E  meets  the  requirement  only  in  the  High  Speed  Range. 


NOTE;  FILLED  SYMBOLS  INOICATE  MIL  SPEC  LIMITATION  FOR  LEVEL  t . 
OPEN  SYMBOLS  ARE  F-SE  ROLL  PERFORMANCE 


Figure  8  (3.5.9. 1).  F-5  E  Roll  Performance  at  0.8  nL, 

Configuration  CO  (from  Reference  6) 


Reference  6  describes  Che  roll  performance  as  "very  satisfactory  In 
operational  use,"  and  according  to  Reference  131,  "the  F-5  has  exhibited 
favorable  roll  performance  in  air  combat  situations  where  both  the  rud¬ 
der  and  ailerons  were  used  at  low  speed  and  at  high  angles  of  attack," 

Flight  test  data  for  the  F-14A  in  power  approach  are  shown  in  Fig¬ 
ure  9,  from  Reference  132.  Roll  performance  in  terms  of  bank  angle 
change  in  one  second  suggests  that  the  F-14A  would  meet  the  Table  3, 
Category  C  requirement  of  30  deg  in  1.1  sec  at  low  angles  of  attack,  and 
fail  to  meet  it  at  high  angles  of  attack.  Reference  132  states  that 
"Lateral  control  effectiveness  in  the  PA  configurations  was  adequate  to 
perform  the  bank  angle  changes  required  during  approach." 

The  F-15C  (Reference  133)  meets  the  Category  A  Level  1  requirement 
of  90  deg  in  1.3  sec  (Speed  Range  M) ,  as  Figure  10  shows.  Unfortun¬ 
ately,  we  do  not  have  any  pilot  ratings  or  comments  relating  speci¬ 
fically  to  F-15  roll  performance. 

Reference  134  documents  performance  and  handling  qualities  testing 
of  a  Navy  F/A-18A  airplane.  This  test  airplane  included  various  control 
system  modifications  over  the  prototype  F/A-18A  to  correct  deficiencies 
in  the  airplane's  roll  response.  Results  of  1  g,  360  deg  rolls  in 
cruise  configuration  are  shown  in  Figures  11  and  12.  At  moderate  alti¬ 
tudes  and  at  low  speeds,  the  F/A-18A  roll  performance  is  quite  good. 
However,  for  combinations  of  low  altitude  and  high  speed,  the  airplane 
is  seen  to  be  extremely  sluggish.  Steady-state  roll  rates  as  low  as 
50  deg/sec  were  encountered  at  5000  ft  altitude.  From  Reference  134, 

In  that  portion  of  the  flight  envelope  where  the  time  to 
90°  is  leas  than  or  equal  to  1  sec,  the  fleet  pilot  will 
be  able  to  rapidly  and  efficiently  maneuver  the  airplane 
to  track  an  aggressive  target  as  well  as  perform  rapid 
evasive  maneuvers  required  during  air-to-air  and  air-to- 
ground  tactical  maneuvers ... .The  excessive  time  to  roll  to 
90°  at  low  to  medium  altitude,  high  q  flight  conditions 
will  preclude  the  pilot's  ability  to  effectively  perform 
the  air-to-air  and  air-to-ground  missions. 

The  difference  in  times  to  batik  for  left  versus  right  rolls  (see  Figures 
11  and  12)  was  due  to  a  lateral  trim  offset  in  the  F/A-18A  tested:  "The 
large  positive  [control  stick]  deflection  required  for  1-g  level  flight 
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Time  to  Roll  90°  (sec) 


Figure  11 


(3. 5. 9.1).  Time  to  Roll  90°  Versus  Mach 
for  W/A-18A  (Reference  134) 
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significantly  reduced  the  amount  of  control  deflection  change  available 
to  command  a  right  roll  as  opposed  to  a  left  roll*"  While  Figure  11 
shows  Level  1  roll  performance  at  low  airspeeds,  fine,  precise  control 
was  found  to  be  sluggish:  "the  pilot  was  unable  to  perform  the  fine 
tracking  task  at  200  KCAS/2  g  [15,000  ft  altitude]  (HQR  -  7)..  ..The 
sluggish  lateral  response  characteristics. . .rapidly  led  to  an  out-of- 
phase  condition  and  resultant  nondivergent  lateral  PIO."  It  should  be 
noted,  however,  that  there  may  have  been  other  problems  resulting  from 
Tr  (3.5. 1.1.1)  or  Te  (3.5. 1.1.5). 

F/A-18A  roll  performance  in  PA  (landing  and  takeoff)  configurations 
is  seen  to  be  marginally  Level  1  (Figure  13)  below  180  kt,  i.e.,  the 
responses  are  very  close  to  the  required  30  deg  in  1.1  sec. 


MODEL  F/A  18  A  AIRPLANE 

CONFIGURATION:  PA  AND  PA  V4 
FIGHTER  ESCORT  LOADING 
ALTITUDE:  5000  FT 
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Figure  13  (3.5.9. 1).  Roll  Performance  Characteristics  in 
Configuration  PA  (from  Reference  134) 
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3.  5. 9. 2 


Roll  axis  control  power  In  steady  sideslips 


A.  REASON  FOR  REQUIREMENT 


This  requirement  assures  adequate  roll  power  for  operation  in  side¬ 
slips,  with  some  additional  control  margin  to  correct  for  turbulence, 
etc  • 


B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.  3. 6. 3. 2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUE 


3. 5. 9. 2  Roll  axis  control  power  in  steady  sideslips.  For  Levels  1 
and  2,  positive  effective  dihedral  (right  roll  control  for  right  side¬ 
slip  and  left  roll  control  for  left  sideslip)  shall  never  be  so  great 

that  more  than  _  percent  of  roll  control  power  available  to  the  pilot 

is  required  for  sideslips  which  might  be  encountered  in  service  deploy¬ 
ment  • 


Recommended  value:  no  more  than  75  percent  of  roll  power  should  be 
required. 

D.  RATIONALE  BEHIND  REQUIREMENT 


Some  limit  on  positive  effective  dihedral  is  necessary;  this  re¬ 
quirement  places  such  a  limit  and  assures  sufficient  roll  power  to 
counteract  the  dihedral  effect. 

E.  GUIDANCE  FOR  APPLICATION 


No  discussion  necessary. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Analysis  should  reveal  any  large  dihedral  effect.  If  it  is  antici¬ 
pated  to  be  a  limiting  factor  on  roll  control  power,  flight  testing 
should  be  performed.  However,  if  dihedral  effect  is  shown  through 


analysis  to  be  minimal,  analytical  compliance  should  be  sufficient 
though  qualitative  flight  testing  should  be  performed  for  final  verlfi 
cation  in  any  case* 

6.  SUPPORTING  DATA. 

None* 

H.  LESSONS  LEARNED 

None* 


3. 5. 9. 3  Roll  axis  control  power  in  crosswinds 

A.  REASON  FOR  REQUIREMENT 

Roll  control  power  available  beyond  that  required  for  flight  in 
steady  sideslip  or  steady  crosswinds  must  be  adequate  for  maneuvering 
and  countering  atmospheric  disturbances. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3. 3. 7.1,  3. 3. 7. 2,  3. 3. 7. 3,  3.3.9 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 5. 9. 3  Roll  axis  control  power  in  crosswinds. 

a)  It  shall  be  possible  to  taxi  at  any  angle  to  a  _  kt  wind. 

b)  Roll  control  power,  in  conjunction  with  other  normal  means  of 
control,  shall  be  adequate  to  maintain  a  straight  path  during 
the  takeoff  run,  or  landing  rollout,  in  crosswinds  up  to  those 
specified  in  3.5.7. 

c)  Roll  control  power  shall  be  adequate  to  maintain  wings  level 

with  up  to  _  deg  of  sideslip  in  the  power  approach.  For 

Level  1  this  shall  require  not  more  than  _  percent  of  the 

control  power  available  to  the  pilot. 

d)  Following  sudden  asymmetric  loss  of  thrust  from  any  factor,  the 
airplane  shall  be  safely  controllable  in  roll  in  the  crosswinds 
of  3.5.7  from  the  unfavorable  direction. 


Recommended  values: 

Wind  speeds  for  taxi: 

Class  I  airplanes:  35  kt 

Class  II,  III,  and  IV  airplanes:  45  kt 


For  sideslip  angles  of  10  deg  in  the  power  approach,  not  more  than 
75  percent  of  available  control  power  should  be  required. 
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D.  RATIONALE  BEHIND  REQUIREMENT 

The  conditions  under  which  it  must  be  possible  to  taxi  have  been 
specified  since  there  is  generally  no  point  in  being  able  to  take  off  or 
land  in  a  given  crosswind  if  the  aircraft  cannot  be  taxied.  The  wind 
speeds  specified  are  a  compromise  between  what  is  desired  and  what  is 
reasonable  to  require. 

Additionally,  ability  to  counter  rolling  moments  in  sideslips  or  in 
crosswinds  is  essential  for  safe  takeoffs  and  landings. 

E.  GUIDANCE  FOR  APPLICATION 

Paragraphs  3.5.10.6*3  and  3.5.10.6.4  cover  similar  requirements  in 
terms  of  roll  control  forces,  and  3. 6. 5.1  covers  yaw  control  power  in 
these  conditions.  All  should  be  considered  as  a  group  with  consistent 
requirements  throughout* 

P.  DEMONSTRATION  OF  COMPLIANCE 

For  requirement  (a),  ground  taxi  in  winds  that  are  at  least  close  in 
magnitude  to  those  required  should  be  performed.  Choice  of  wind  speed 
conditions  should  account  for  variability  and  gustiness. 

For  discussion  of  requirements  (b)  and  (c),  the  reader  is  referred 
to  3.  5. 10. 6.  3. 

For  requirement  (d) ,  as  for  all  requirements  on  asymmetric  thrust 
(and  on  crosswinds),  the  most  critical  operation  is  takeoff  and  land¬ 
ing.  Crosswind  landings  performed  to  demonstrate  compliance  with  3.5.7 
must  include  simulated  asymmetric  thrust,  with  the  crosswind  blowing  in 
the  most  unfavorable  direction  [i.e.,  from  the  direction  of  the  "good" 
engl  e(s)J.  Operation  with  an  engine  failure  will  in  most  aircraft  be 
Level  2,  which  implies  a  pilot  rating  of  6-1/2  in  a  10  kt  crosswind.  It 
is  clear  that  the  subjective  nature  of  this  requirement  ("safely  con¬ 
trollable")  allows  considerable  leeway  in  its  application.  Asymmetric 
loss  of  thrust  may  be  caused  by  many  factors  including  engine  failure, 
inlet  unstart,  propeller  failure  or  propeller-drive  failure. 
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G.  SUPPORTING  DATA 


None* 

H.  LESSONS  LEASHED 

None* 
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3. 5. 9. 4 


Roll  axis  control  power  for  engine  failure 


A.  REASON  FOR  REQUIREMENT 


This  requirement  is  Included  to  establish  roll  control  power  re¬ 
quirements  to  handle  an  engine  failure  during  takeoff. 

B.  RELATED  H1L-F-8785C  REQUIREMENT 


3. 3. 9. 2 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALDES 


3. 5.9.4  Roll  axis  control  power  for  engine  failure.  During  the 
takeoff  run  it  shall  be  possible  to  maintain  roll  control  of  the  air¬ 
craft,  following  a  sudden  loss  of  thrust  from  the  most  critical  propul¬ 
sive  source.  This  requirement  shall  apply  from  a  minimum  speed  of 
Vmin^TC0  to  a  maximum  speed  of  VmaxC'1'0)* 

The  roll  control  required  shall  not  exceed  _ percent  of  the 

available  roll  control  power.  This  assumes  takeoff  thrust  is  maintained 
on  the  operative  engines  with  trim  at  normal  setting  for  symmetric 
thrust.  The  aircraft  may  be  banked  up  to  5  deg  away  from  the  inopera¬ 
tive  engine. 

Recommended  values ;  Roll  power  required  should  be  not  more  than 
75  percent  of  available. 

D.  RATIONALE  BEHIND  REQUIREMENT 


A  control  power  margin  is  desired  for  any  necessary  maneuvering  and 
for  countering  atmospheric  disturbances. 

B.  GUIDANCE  FOR  APPLICATION 


The  requirements  of  3.5.10.6.5,  3.6.4. 1,  and  3. 6. 6. 2. 8  should  be 
applied  in  conjunction  with  this  paragraph. 
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F.  DSHH STRATI  OH  OF  COMPLIANCE 

See  discussion  under  3. 6. 4.1. 

G.  SUPPORTING  DATA 
None. 

H.  LESSONS  LEARNED 

None. 
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3.5.9. 5  Roll  axis  control  power  in  dives  and  pullouts 

A.  SEASON  FOR  REQUIREMENT 

Roll  control  power  must  be  adequate  to  perform  any  dive  maneuvers 
specified. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.8 


C.  STATEMENT  OF  REQUIREMENT 

3. 5. 9. 5  Roll  axis  control  power  in  dives  and  pullouts.  Roll  con¬ 
trol  power  shall  be  adequate  to  maintain  wings  level  without  retrlmming, 
throughout  the  dives  and  pullouts  of  3.2.9. 7.3. 

D.  RATIONALE  BEHIND  REQUIREMENT 


Since  Paragraph  3. 2. 9. 7. 3  defines  the  pitch  force  limits  for  dives 
and  pullouts,  this  requirement  simply  assures  that  roll  power  Is  not  the 
limiting  factor  in  performing  the  dives  required  to  meet  mission  objec¬ 
tives. 

E.  GUIDANCE  FOR  APPLICATION 


The  qualitative  nature  of  this  requirement  makes  it  straightforward 
to  apply. 

F.  DEMONSTRATION  OF  COMPLIANCE 


See  discussion  under  3. 2. 9. 7. 3. 

G.  SUPPORTING  DATA 


None. 

H.  LESSONS  LEARNED 

None. 
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3. 5. 9. 6 


Roll  axis  control  power  for  stores  release 


A.  REASON  FOR  REQUIREMENT 

This  requirement  Is  Included  to  Insure  that  Intentional  release  of 
stores  does  not  result  In  limitations  in  roll  control  power. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.4.6,  3. 3. 4. 1.2 

C.  STATEMENT  OF  REQUIREMENT 

3. 5. 9. 6  Roll  axis  control  power  for  stores  release.  Roll  control 
power  shall  be  adequate  to  regain  wings  level,  without  retrlmming,  fol¬ 
lowing  intentional  release  of  any  stores,  to  the  maximum  load  factors 
specified  in  3. 2. 8. 2  with  adequate  control  margin. 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  Is  effectively  a  new  requirement,  though  it  is  based  on  the 
general  requirement  of  8785C  (Reference  4)  that  stores  release  "shall 
not  result  in  objectionable  flight  characteristics."  This  has  been 
translated  as  requiring  sufficient  roll  power  to  regain  wings-level 
conditions  following  any  stores  release. 

E.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  closely  related  to  the  roll  and  yaw  axis 
responses  to  stores  release,  3. 5. 8.4  and  3. 6. 4, 4,  and  to  the  similar  yaw 
axis  requirement,  3. 6. 5. 4.  All  these  paragraphs  should  be  considered  in 
combination  for  application. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  must  be  conducted  with  the  stores  configurations 
specified  in  3.1.3,  over  the  applicable  range  of  flight  conditions. 
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SUPPORTING  DATA 


None* 

LESSONS  LEARNED 


None* 
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3. 5. 9. 7 


Roll  axis  control  pover  for  two  engines  Inoperative 


A.  REASON  FOR  REQUIREMENT 


This  paragraph  states  the  need  for  roll  control  power  in  event  of 
failure  of  more  than  one  engine  on  multi-engine  airplanes* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.9. 5 

C.  STATEMENT  OF  REQUIREMENT 

3. 5. 9. 7  Roll  axis  control  power  for  two  engines  inoperative.  At 
the  one-engine-out  speed  for  maximum  range  with  any  engine  initially 
failed,  upon  failure  of  the  most  critical  remaining  engine  the  roll 
control  power  sh^ll  be  adequate  to  stop  the  transient  motion  and 
thereafter  to  maintain  straight  flight  from  that  speed  to  the  speed  for 
maximum  range  with  both  engines  failed.  In  addition,  it  shall  be  pos¬ 
sible  to  effect  a  safe  recovery  at  any  service  speed  above  VQ  (CL) 
following  sudden  simultaneous  failure  of  the  two  critical  engines. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  rationale  for  this  requirement  is  self  evident;  it  is  taken 
essentially  intact  from  M1L-F-8785C. 


E.  GUIDANCE  FOR  APPLICATION 


The  specialized  nature  of  the  requirement,  as  well  as  the  general, 
qualitative  terms  in  which  it  is  worded,  makes  it  straightforward  to 
apply. 


DEMONSTRATION  OF  REQUIREMENT 


Flight  testing  at  altitudes  covering  the  operational  envelope  will 
be  at  conditions  stated  by  the  requirements,  i.e.,  airspeeds  will  be 
either  speed  for  maximum  range  with  one  engine  out  or  representative 
speeds  above  vomin 
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G.  SUPPORTING  DATA 


None* 

H.  LESSONS  LEARNED 

None. 
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3. 5. 9. 8  Roll  axis  control  power  for  other  conditions 

A.  REASON  FOR  REQUIREMENT 

This  catch-all  specification  ia  intended  to  assure  adequate  roll 
control  power  in  any  situation  not  already  covered  in  the  Standard* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.4.10 

C.  STATEMENT  OF  REQUIREMENT 

3. 5. 9. 8  Roll  axis  control  power  for  other  conditions.  Control 
authority,  rate  and  hinge  moment  capability  shall  be  sufficient  to 
assure  safety  throughout  the  combined  range  of  all  attainable  angles  of 
attack  (both  positive  and  negative)  and  sideslip.  This  requirement 
applies  to  the  prevention  of  loss  of  control  and  to  recovery  from  any 
situation  for  all  maneuvering,  including  pertinent  effects  of  factors 
such  as  regions  of  control-surface-fixed  instability,  inertial  coupling, 
fuel  slosh,  the  influence  of  symmetric  and  asymmetric  stores,  stall/ 
post-stall/spin  characteristics,  atmospheric  disturbances  and  Aircraft 
Failure  States  (maneuvering  flight  appropriate  to  the  Failure  State  is 
to  be  included).  Consideration  shall  be  taken  of  the  degrees  of  effec¬ 
tiveness  and  certainty  of  operation  of  limiters,  c.g.  control  malfunc¬ 
tion  or  mismanagement,  and  transients  from  failures  in  the  propulsion, 
flight  control  and  other  relevant  systems. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  other  paragraphs  under  3.5.9  cover  all  normal,  anticipated 
situations  for  roll  control  power.  This  paragraph  is  added  to  cover  any 
unusual  or  unspecified  conditions  that  might  be  encountered  in  flight. 
For  further  discussion  on  this  requirement,  see  its  equivalent  in  the 
pitch  axis,  3. 2. 8. 5. 

E.  GUIDANCE  FOR  APPLICATION 

Due  to  its  broad  generality  the  requirement  should  be  applied  for 
all  phases  of  analysis,  simulation,  and  flight  test.  Excessive 
stability,  as  well  as  excessive  instability,  of  the  basic  airframe  is  of 
concern  with  respect  to  available  control  authority  and  rate. 
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F«  DEMONSTRATION  OF  COMPLIANCE 
See  3.2.8. 5. 

G.  SUPPORTING  DATA 
None. 

H.  LESSONS  LEARNED 

None. 
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3.5.10 


Roll  Axis  Control  Forces  and  Displacements 


DISC0SS10H 

The  requirements  of  this  section  cover  broad  areas  for  forces  and 
displacements  of  roll  controllers.  Many  of  the  paragraphs  (most  speci¬ 
fically,  the  force  limits  of  3*5.10.6)  set  absolute  upper  limits  on 
allowable  control  forces  In  various  maneuvers.  As  with  the  pitch  axis 
forces  of  3.2.9,  there  Is  some  concern  as  to  whether  the  limits  are 
reasonable  for  continuous  maneuvering,  and  whether  they  are  attainable 
by  female  pilots.  While  any  substantiating  data  Is  scarce,  there  is 
some  available  dealing  with  maximum  forces  for  single-application  tasks 
(References  256,  257).  The  purpose  of  this  discussion  Is  to  briefly 
review  these  data.  Since  there  are  many  variables  involved  In  develop¬ 
ing  adequate  controller  characteristics,  no  attempt  has  been  made  to  set 
any  new  requirements  based  upon  this  Information;  it  Is  Intended  only  as 
information . 

Figure  1  shows  the  effect  of  arm/stick  geometry  on  maximum  applied 
force  to  the  left  and  to  the  right  for  the  5th  percentile  male,  and 
Figure  2  shows  the  effect  of  upper  arm  angle  on  maximum  applied  force  to 
the  left  and  to  the  right  for  the  5th  and  95th  percentile  male.  The 
data  in  these  Illustrations  are  from  Reference  256.  Single  test  points 
from  a  more  recent  study  by  McDaniel  (Reference  257)  are  shown  on 
Figure  1  as  a  comparison  between  male  and  female  strength  characteris¬ 
tics  for  operating  an  aircraft  control  stick.  Figures  Jb  and  lc  show 
that  the  maximum  applied  force  to  the  left  and  to  the  right  (depending 
on  arm/stick  geometry)  varies  and  is  not  symmetric.  The  difference  in 
strength  characteristics  between  men  and  women  (single  points  from 
Reference  257)  shown  in  Figures  lb  and  lc  is  almost  a  factor  of  two. 
There  is  also  a  large  difference  in  the  forces  attained  by  the  men  in 
the  two  tests  (e.g.,  in  Figure  lb  the  Reference  256  data  show  about  8  lb 
at  the  same  location  where  the  Reference  257  tests  show  35  lb).  The 
reason  for  this  difference  is  not  known. 

The  5th,  50th,  and  95th  percentiles  of  maximum  forces  exerted  on  an 
aircraft  control  stick  by  61  men  and  61  women  (from  Reference  257)  are 
summarized  in  Table  1. 


a)  Physical  Layout  for  Stick  Force  Tests  of  Reference  256 
(stick  13  '4  inches  above  seat  Reference  point) 


Inches  Forward 
of  SRP 


•EFT  Stick  Posit  ion  <  in.)  Right  left  stick  Position  (in.)  RIGHT 

b)  Maximum  Force  to  the  Left(tb)  c)  Maximum  Force  to  the  Right  (lb) 

Figure  1  (3.5.10).  Effect  of  Arm/Stick  Geometry  on  Maximum  Applied 
Force  to  the  Left  and  to  the  Right  hy  the  Right 
Arm  for  the  5th  Percentile  Male  (Reference  256) 
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a)  Physical  Layout  For  test  b)  Maximum  Strength  vs. 

Upper  Arm  Angle 


Figure  2  (3.5.10).  Effect  of  Upper  Arm  Angle  on  Maximum 
Applied  Force  to  the  Left  and  to  the  Right  for  the 
5th  and  95th  Percentile  Male 
(from  Reference  256) 

i 


TABLE  1  (3.5.10) 

MAXIMUM  FORCES  EXERTED  ON  AIRCRAFT  CONTROL  STICK  (LB) 
BY  61  MEN  AND  61  WOMEN  (REF.  257) 


CONTROL 

STICK 

DIRECTION 

MEN 

WOMEN 

PERCENTILE 

PERCENTILE 

5th 

50th 

95th 

5th 

50th 

95th 

Stick  left 

35 

52 

74 

17 

26 

35 

Stick  right 

22 

35 

43 

14 

19 

18 
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Figure  3  illustrates  the  effect  of  arm  position  and  wheel  angle  on 
maximum  applied  force  to  the  left  and  to  the  right  for  the  5th  percen¬ 
tile  male* 

Reference  256  discusses  one-  vs.  two-handed  operation  of  controls 
and  some  general  principles  of  control  design;  for  example: 

...Controls  requiring  large  forces  should  be  operated  with  two 
hands  (which,  for  most  controls,  about  doubles  the  amount  of 
force  that  can  be  applied)  depending  on  control  type  and  loca¬ 
tion  and  on  the  kind  and  direction  of  movement  as  follows: 

a.  When  two  hands  are  used  on  wheel  controls,  rotational 
forces  are  effectively  doubled  in  most  cases. 

b.  When  two  hands  are  used  on  stick  or  lever  controls 
located  along  the  body  midline. . .push  right  or  left  is  in¬ 
creased  about  50%. 

c.  When  two  hands  are  used  on  stick  or  lever  controls 
located  on  either  side  of  the  body  midline,  at  or  beyond  the 
shoulder...,  pull  right  on  controls  located  to  the  left  is 
slightly  better  with  two  hands  than  with  only  the  right  hand, 
and  push  right  on  controls  located  to  the  right  is  slightly 
better  with  two  hands  than  with  only  the  left  hand.... For  con¬ 
trols  requiring  single  applications  of  force  or  short  periods 
of  continuous  force,  a  reasonable  maximum  resistance  is  half 
of  the  operator's  greatest  strength.  For  controls  operated 
continuously,  or  for  long  periods,  resistances  should  be  much 
lower. 


Sea*  Reference 
Point 


a)  Physical  Layout  for  Wheel  Force  Tests  of 
Reference  256  (wheel  18  inches  above  seat 
reference  point) 


Inches  Forward 
of  SRP 


b)  Maximum  Force  to  the  Left  (lb)  c)  Maximum  Force  to  the  Right  ( lb) 


Figure  3  (3.5.10).  Effect  of  Arm  Position  and  Wheel  Angle 
on  Maximum  Applied  Force  to  the  Left  and  to  the  Right 
for  the  5th  Percentile  Male  (Reference  256) 


3.5.10.1 


Wheel  control  displacements 


A.  SEASON  FOR  REQUIREMENT 

This  requirement  is  intended  to  place  limits  on  the  allowable  con¬ 
trol  wheel  angular  displacement  used  to  attain  maximum  rolling  perfor¬ 
mance  in  Paragraph  3.5.9. 

B.  RELATED  KIL-F-8785C  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 3. 4. 5 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5.10.1  Wheel  control  displacements.  For  airplanes  with  wheel 
controllers,  the  wheel  throw  necessary  to  meet  the  roll  performance 

requirements  specified  in  3.5.9  shall  not  exceed  _  degrees  in  either 

direction. 

Recommended  wheel  displacement:  60  deg.  For  completely  mechanical 
systems  the  requirement  may  be  relaxed  to  110  deg. 

D.  RATIONALE  BEHIND  REQUIREMENT 


An  upper  limit  on  allowable  wheel  throw  assures  that  unreasonable 
demands  will  not  be  made  on  the  pilot.  If  the  throw  is  too  small,  of 
course,  the  airplane  can  be  overly  sensitive  to  small  inputs;  however, 
from  a  comfort  (and  safety)  standpoint,  maximum  throw  is  more  crucial. 
The  small  throw  of  60  deg  is  attainable  in  normal,  one-handed  operation 
without  undue  physical  effort. 

A  wheel  throw  of  110  deg  for  completely  mechanical  systems  has  been 
specified  in  deference  to  the  design  problem  posed  by  such  systems. 

E.  GUIDANCE  FOR  APPLICATION 

None  required. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


The  tests  required  for  compliance  with  applicable  portions  of  3.5.9 
should  Include  measurement  of  wheel  control  throw. 

6.  SUPPORTING  DATA 

As  data  from  Reference  116  Indicate  (Figure  1 ) »  to  maintain  a  desir¬ 
able  roll  response  sensitivity  1.'  terms  of  roll  performance  per  degree 
of  wheel  deflection,  the  smaller  the  wheel  throw,  the  lower  the  required 
roll  performance.  (This  is  valid  providing  roll  effectiveness  is  equal 
to  or  greater  than  the  specified  roll  effectiveness  requirements.) 

Reference  117  makes  recommendations  concerning  the  amount  of  wheel 
throw  for  one-handed  operation,  and,  although  the  comments  pertain  to 
VTOL  vehicles,  the  recommendation  may  well  be  of  general  applicabil¬ 
ity.  The  Reference  117  recommendation  is  that  for  one-handed  operation 
the  wheel  throw  should  not  exceed  60  deg  in  each  direction. 

H.  LESSONS  LEARNED 

None. 


Figure  1  (3.5.10.1).  Variation  of  Pilot  Rating  with  Bank  Angle 
in  the  First  Second  for  Four  Values  of  Effective  Angle 
(from  Reference  116) 
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3.5.10.2 


Roll  axis  control  forces  to  achieve  required  roll  rates 


A.  REASON  FOR  REQUIREMENT 

This  paragraph  limits  the  forces  required  to  obtain  the  specified 
roll  performance. 

B.  RELATED  HIL-F-8785C  REQUIREMENT 

3. 3. 4.  3 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5.10.2  Roll  axis  control  forces  to  achieve  required  roll  rates. 
The  roll  control  force  required  to  obtain  the  rolling  performance  speci¬ 
fied  in  3. 5. 9.1  shall  be  neither  greater  than _ nor  less 

than 


TABLE  1  (3.5.10.2) 


RECOMMENDED  MAXIMUM  ROLL  CONTROL  FORCE 


LEVEL 

CLASS 

FLIGHT  PHASE 

MAXIMUM  FORCE  (Pounds) 

CATEGORY 

CENTERSTICK 

WHEEL 

SIDESTICX* 

I,  II-C,  IV 

A,  B 

20 

40 

1 

C 

20 

20 

II-L,  III 

A,  B 

25 

50 

C 

25 

25 

I,  II-C,  IV 

A,  B 

30 

60 

C 

20 

20 

_ 

2 

II-L,  III 

A,  B 

30 

60 

C 

30 

30 

3 

All 

All 

35 

70 

—  ■-  ■—  — 

*No  forces  are  recommended  for  sidestick  controllers  at  this 
time.  However,  forces  should  not  be  so  large  or  so  small  as 
to  be  objectionable  to  the  pilot. 


471 


Recommended  minimum  roll  control  force  for  all  controllers  is  the 
sum  of  the  breakout  force  plus: 

Level  1:  One-fourth  the  values  in  Table  1 

Level  2:  One-eighth  the  values  in  Table  1 

Level  3:  Zero 

0.  RATIONALE  BEHIND  REQUIREMENT 

In  combination  with  the  roll  control  power  requirements  of  3. 5.9.1, 
this  paragraph  specifies  control  force  gradients  for  good  flying  quali¬ 
ties*  The  maximum  and  minimum  forces  are  unchanged  from  MIL-F-8785C. 

E.  GUIDANCE  FOR  APPLICATION 

For  airplanes  with  centerstick  controllers,  3*5.10.3  should  be 
applied  along  with  this  requirement. 

F.  DEMONSTRATION  OF  COMPLIANCE 

In  performing  the  maneuvers  required  by  3.5. 9.1,  the  minimum  and 
maximum  forces  necessary  to  meet  the  3. 5.9.1  requirements  must  be  found. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.5.10.3  Roll  axis  control  sensitivity 

A.  REASON  FOR  REQUIREMENT 

The  roll  response  Co  roll  control  force  Inputs,  expressed  In  terms 
of  roll  sensitivity,  is  specified  for  stick-controlled  Class  IV  air¬ 
planes  . 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 4. 1.3 


1 

t 

!, 

* 

J 


i 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.5.10.3  Roll  axis  control  sensitivity.  The  roll  control  force 
gradient  for  stick-controlled  Class  IV  airplanes  shall  have  the  follow¬ 
ing  characteristics:  _ .  In  case  of  conflict  between  the 

requirements  of  3.5.10.3  and  3.5.10.2,  the  requirements  of  3.5.10.3 
shall  govern. 

Recommended  values  are  given  in  Table  1. 


TABLE  i  (3.5.10.3) 

RECOMMENDED  MAXIMUM  ROLL  CONTROL  SENSITIVITY 


LEVEL 

FLIGHT  PHASE 

MAXIMUM  SENSITIVITY 

CATEGORY 

(deg  in  1  sec) /lb 

A 

15. 

1 

C 

7.5 

A 

25. 

2 

C 

12.5 
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D.  RATIONALE  BEHIND  REQUIREMENT 


The  roll  power  requirements  of  3. 5.5.1,  In  combination  with  the  roll 
forces  of  3.5.10. 2,  effectively  specify  roll  control  sensitivity  except 
for  aircraft  with  stick  shaping  networks  such  as  discussed  In  "Guidance 
for  Application."  This  paragraph  Is  intended  to  place  an  absolute,  firm 
upper  limit  on  gradients  for  Class  IV  airplanes  to  prevent  excessive 
sensitivity,  which  can  easily  result  in  a  lateral  PIO. 

E.  GUIDANCE  FOR  APPLICATION 

Acceptable  roll  performance  and  force  characteristics  should  result 
in  easily  meeting  the  conditions  of  this  requirement.  Effects  of  non¬ 
linear  force  deflection  characteristics  should  be  considered  for  this 
requirement,  e.g.:  it  is  possible  to  design  a  control  system  which 

easily  meets  the  limits  specified  for  large  inputs,  but  which  produces 
unacceptably  high  local  sensitivity  for  small  inputs.  Special  consider¬ 
ations  are  required  for  roll  command  augmentation  systems  to  circumvent 
this  problem.  These  take  the  form  of  nonlinear  stick  shaping,  stick 
filters,  and  minimizing  the  lateral  augmentor  gains.  There  has  been 
insufficient  analysis  of  the  data  to  write  a  quantitative  criterion  at 
this  time.  However,  the  following  paragraphs  present  considerable 
guidance  for  roll  CAS  systems. 

1.  Roll  Command  Augmentation  Systems 

The  elements  of  a  command  augmentation  system  (CAS)*  are  shown  in 
Figure  1.  A  roll  rate  CAS  utilizes  an  effective  feedforward  so  that 
pilot  control  inputs  are  compared  directly  to  actual  roll  response. 
Such  GASs,  as  they  are  used  today,  can  be  limited  in  authority  with 
parallel  direct  links  (e.g.,  the  F-14,  F-15,  F-18,  and  B-l),  or  full- 
authority  with  high  command  gains  (e.g.,  the  F-16).  The  latter  are  the 
more  Interesting  from  a  handling  qualities  standpoint,  though  examples 
of  both  types  will  be  reviewed  here. 


*In  the  past  CAS  has  also  been  referred  to  as  control,  rather  than 
command,  augmentation  systems.  These  terms  are  identical. 


Command 

Gradient 


(deg /sec) 


Figure  1  (3.5.10.3)  Block  Diagram  Representation  of  Full- 
Autliority  Roll  Rate  Command  Augmentation  Systems 

Flight  test  and  operational  experiences  with  Class  IV  airplanes  with 
high-authority  roll  CAS  have  been  very  promising  (References  123-125, 
263-265):  responses  to  command  inputs  are  sharp  and  rapid;  precision 
controllability  is  excellent;  hands-off  operation  is  improved.  However, 
some  distinct  problems  have  arisen  as  well:  oversensitivity  to  small 
control  inputs;  overcontrol  with  large  inputs;  pilot-induced  oscilla¬ 
tions;  and  the  phenomenon  known  as  "roll  ratcheting."  The  causes  of  and 
cures  for  these  shortcomings  will  be  discussed. 

a.  Gradient  Shaping 

Experience  with  roll  rate  CAS  has  shown  that  a  key  element  fcr 
acceptable  handling  qualities  is  the  gradient  between  commanded  roll 
rate  and  stick  force,  pc/Ffl8  (see  Figure  1).  High-gain,  high-authority 
systems  have  had  problems  with  extreme  sensitivity  for  small  Inputs  and 
inadequate  roll  performance  with  large  inputs.  The  cure  has  been  to 
decrease  Pc/?aa  for  small  inputs  via  a  nonlinear  stick  shaping  network, 
while  allowing  a  high  gradient  for  larger  inputs.  The  resulting  para¬ 
bolic  Pc/fa8  shaping  appears  as  shown  in  Figure  2.  Experience  with  a 
limited  number  of  CAS  systems  has  shown  that  command  networks  which  fall 
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Figure  2  (3.5.10.3).  Range  of  Acceptable  Nonlinear  Roll  Command 
Shaping  Networks  Based  on  Flight  Tests  (Class  IV  Aircraft, 

Flight  Phase  Category  A,  Right  Roll) 

within  the  range  shown  in  Figure  2  will  have  acceptable  response  proper¬ 
ties,  as  long  as  the  requirements  and  recommendations  in  Para.  3. 5. 1.1.1 
are  satisfied.  Figure  2  also  reflects  the  range  of  actual  maximum  roll 
rates  achieved  for  these  command  networks.  In  general,  the  commanded 
roll  rates  were  obtained  for  small  inputs  (on  the  order  of  1/2  stick  or 
less),  but  larger  force  inputs  generally  did  not  produce  the  commanded 
rates.  This  is  a  result  of  intentional  design  requirements,  i.e>,  if 
the  aircraft  can  achieve  larger  roll  rates  than  commanded  with  full  con¬ 
trol  input,  it  may  "hunt"  the  commanded  rate  by  overshooting  Initially. 
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Such  an  overshoot  and  possible  oscillations  about  the  commanded  roll 
rate  could  be  uncomfortable  to  the  pilot* 

In  almost  all  high-performance  augmented  airplanes  some  amount  of 
yaw  damping  is  provided.  This  has  the  effect  of  enhancing  roll  perfor¬ 
mance  by  minimizing  undesirable  yawing  motions.  While  yaw  dampers  are 
important  to  the  aircraft  to  be  discussed  here,  their  effects  on  han¬ 
dling  qualities  and  performance  will  be  considered  to  be  separate  from 
the  roll  CAS  systems  under  consideration. 


Roll  Responses  for  Conventional  Aircraft 


It  is  interesting  to  consider  the  reasons  for  the  parabolic  command 
gradient  shaping  shown  in  Figure  2.  Fighter  aircraft  with  conventional, 
fully  powered  hydraulic  servos  but  without  CAS  (for  instance,  19508- 
generation  fighters)  generally  have  linear  stick-to-surface  linkages, 
i.e.,  6a  response  to  Fag  is  linear  (above  breakout).  This  is  sketched 
in  Figure  3a.  However,  wind  tunnel  and  flight  tests  of  these  aircraft 
show  that  aileron  effectiveness  is  nonlinear  with  deflection;  large 
deflections  produce  an  incrementally  larger  rolling  moment  than  do  small 
deflections.  This  can  be  viewed  as  a  nonlinear  deflection/response 
characteristic,  sketched  in  Figure  3b.  The  result  of  these  force/ 
deflection  and  deflection/response  characteristics  is  a  parabolic 
force/response  curve,  slwn  in  Figure  3c.  As  an  example.  Figure  4  shows 


80(deg)  p{deg/sec)  p(deg/sec) 


a)  Force /Deflection  Gradient  b!  Deflection  /  Response  c  )  Resultant  p/Fas 

Characteristics  Choroc  t eristics 


Figure  3  (3.5.10.3).  Roll  Rate  Response  for 
Conventional  Aircraft 


the  pma„/Fa_  curves  for  three  aircraft,  taken  from  flight  or  wind 
tunnel/flight  test  results.  Two  of  the  three  lie  within  the  Pc/*a8 
gradient  range  identified  in  Figure  2  as  acceptable  for  CAS  systems. 
Parabolic  Pc/Faa  networks,  therefore,  artlfically  supply  to  the  pilot 
what  aircraft  without  CAS  have  naturally. 

c«  Roll  CAS  Gradients 


Evolution  of  the  F-16  CAS  shaping  network  is  a  valuable  lesson. 
Figure  5  illustrates  the  history  of  the  CAS  design  (in  which,  it  must  be 
remembered,  the  unique  characteristics  of  the  near-isometric  sidestlck 
controller  undoubtedly  played  a  significant  role).  Simulations  of  the 
YF-16  (Reference  124)  prior  to  first  flight  produced  a  very  steep  Pc/Fas 


Figure  4  (3.5.10.3).  Comparison  of  Pmax^as  f°r  Several  Conven¬ 
tional  Class  IV  Aircraft  with  CAS  Curves  of  Figure  2 
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Figure  5  (3.5.10.3).  Evolution  of  the  F-16  CAS  Shaping  Network 

gradient  with  maximum  stick  forces  of  4  lb.  In-flight  simulation  of 
YF-16  takeoffs  and  landings  in  the  USAF/Calspan  variable-stability  NT-33 
resulted  in  a  decrease  in  the  initial  gradient  by  a  factor  of  two.  Dur¬ 
ing  a  high-speed  taxi  test,  a  divergent  lateral  pilot-induced  oscilla¬ 
tion  ( PIO)  was  encountered  on  the  prototype  YF-16  after  the  aircraft 
inadvertently  became  airborne  (Figure  6),  The  pilot,  committed  to  fly, 
was  then  able  to  "back  off"  on  his  control  gain,  and  the  PIO  stopped, 
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after  which  a  normal  landing  was  made.  This  PIO  was  directly  traceable 
to  excessive  stick  sensitivity  around  zero,  and  after  the  flight  (dubbed 
"Flight  0")  the  stick  sensitivity  was  reduced  further  and  the  PIO  ten¬ 
dency  disappeared.  The  final  F-16A/B  (fixed-stick)  (Reference  125) 
network  was  reduced  even  more  (see  Figure  5).  With  the  latest  F-16 
variable  roll  prefilter  (Reference  252),  it  has  been  possible  to 
increase  the  CAS  gradient  somewhat. 

The  roll  performance  of  the  YF-16,  shown  in  Table  2  and  Figure  7,  is 
comparable  with  present  generation  USAF  fighter  aircraft  and  is  seen  to 
be  very  good  in  comparison  to  the  roll  control  power  requirements  of 
Tables  3  (3. 5.9.1)  and  4  (3. 5. 9.1).  The  final  YF-16  roll  command  gra¬ 
dient  of  Reference  124  (Figure  5)  produced  acceptable  response  for 
small,  precision  stick  inputs,  though  pilot  comments  indicate  that 
excessive  sensitivity,  "when  encountered,  was  usually  related  to  the 
small-amplitude,  high-frequency  inputs  associated  with  the  closed-loop, 
high-gain  tasks  of  formation,  refueling,  tracking,  and  landing." 

TABLE  2  (3.5.10-3) 

YF-16  ROLL  PERFORMANCE  CHARACTERISTICS 
[From  Reference  124] 


q 

Vc 

M 

Hc 

as 

Praax 

T90 

— 

T 

1 360 

6a 

avg 

6r 

*max 

(psf ) 

(KCAS) 

(ft) 

(deg) 

(deg/sec) 

(sec) 

(sec) 

(deg) 

(deg) 

70 

135 

0.45 

36K 

14 

-155 

1.60 

3.55 

+17 

+12 

270 

300 

0.79 

30K 

5 

' 

+187 

1.15 

2.65 

-10 

-  2 

1140 

650 

1.58 

30K 

2 

-168 

1.25 

2.90 

+10 

-  4 
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Mach  Number 


Figure  7  (3.5.10.3).  YF-16  Rolling  Performance  Cruise 

Configuration;  Reference  124 
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F-16  roll  performance  In  360  deg  rolls  for  the  CR  (cruise)  configu¬ 
ration  (Figure  8)  compares  quite  well  with  the  Table  4  (3.5.9. 1) 
requirements.  The  F-16  was  Level  2-3  for  most  of  the  low-speed  range  in 
Power  Approach  (Figure  9).  According  to  Reference  125,  "the  pilots  were 
pleased  with  the  F-16A/B  CR  configuration  roll  performance.  PA  configu¬ 
ration  roll  performance  was  acceptable."  Hence,  the  nonlinear  stick 
shaping  was  reasonably  successful  in  achieving  acceptable  large  ampli¬ 
tude  rolling  performance  without  excessively  compromising  the  small 
amplitude  precision  tracking  characteristics. 

d.  Roll  Ratcheting 

As  mentioned  earlier,  concerns  from  the  piloting  point  of  view  for 
roll  CAS  systems  have  been  described  variously  as  oversensitivity  to 
small  inputs,  overcontrol  or  sluggishness  for  large  inputs,  and  "roll 
ratcheting."  All  of  these  can  create  pilot-induced  oscillations  (PIOs), 
and,  as  we  shall  see,  ratcheting  is  the  hardest  to  identify,  isolate, 
and  correct.  The  other  problems  can  be  solved  by  relatively  simple 
means . 

Roll  ratcheting  has  been  reported  as  occurring  on  most  CAS-equipped 
aircraft,  including  the  F-4  SFCS  (Reference  123),  YF-16  (Reference  124), 
F-16  (Reference  125),  and  A-7D  DIGITAC  (Reference  265).  It  was  also 
experienced  during  the  Calspan  Lateral  High-Order  System  (LATHOS)  pro¬ 
gram  of  Reference  258.  All  of  these  aircraft  will  be  discussed  in 
detail  in  the  following  paragraphs. 

An  example  of  roll  ratcheting  encountered  on  the  DIGITAC  (Reference 
265)  is  shown  in  Figure  10.  The  ratchet  was  encountered  during  a  series 
of  bank-to-bank  maneuvers.  The  oscillations  exhibit  limit  cycles  at  a 
frequency  of  about  18  rad/sec.  The  roll  CAS  is  presented  in  Figure  11; 
ratcheting  was  experienced  with  Pc/fa8  Curve  1  in  Figure  11.  The  fact 
that  roll  ratcheting  occurred  for  this  case  is  evidence  that  stick  shap¬ 
ing  is  not  a  cure  for  this  problem.  The  reason  is  that  the  stick  sen¬ 
sitivity  is  reduced  only  around  zero,  allowing  ratcheting  to  occur  when 
the  lateral  stick  is  non-zero,  such  as  in  Figure  10.  Figure  11  and 
Table  3  document  several  of  the  CAS  networks  -•  .1  on  the  DIGITAC  in 
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Figure  8  (3.5.10.3).  Roll  Performance  Summary 
(From  Reference  125) 


1 
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0.3).  Roll  Ratchet  During  Banking  Maneuvers 
Reference  265)  h  =  20,000  ft,  M  =  0.75 


TABLE  3  (3.5.10.3) 


DESCRIPTIONS  OF  YA-7D  DIGITAC  CAS  NETWORKS 


ERROR  GAIN 

PREFILTER  LAG 

CAS* 

K.  * 

i/tf  * 

TYPICAL  PILOT  COMMENTS 

(deg/deg/sec) 

(rad /sec) 

1 

1.0 

10 

L  .  .  - 

Much  too  sensitive  to  sharp 
inputs  (PR  -  7);  ratcheting 
(see  Figure  10) 

2 

0.5 

10 

Eliminated  high  sensitivity; 
steady-state  response  too  low 

3 

1.0 

3 

Filter  reduced  sharp  Inputs, 
although  not  enough  (PR  *  7) 

4 

0.375 

3 

Lateral  PIO  tendency  in  fine 
tracking  (includes  0. 75  lb 
breakout) 

5 

0.375 

3 

Best  all-around  response 

*See  Figure  11. 


developing  an  optimum  CAS.  This  is  an  excellent  review  of  all  the  ele¬ 
ments  of  a  CAS,  since  several  gradients,  prefilter  lags,  and  error  gains 
were  evaluated. 

The  CAS  which  produced  the  Figure  10  ratcheting  had  a  prefilter  lag 
at  10  rad/sec  and  an  error  gain  Kg  -  1.0  (Table  3).  As  Table  3  re¬ 
flects,  CAS  System  2  involved  only  a  reduction  by  one-half  in  Kg  and 
eliminated  the  roll  sensitivity.  However,  with  the  sensitivity  reduced, 
the  pilots  were  then  aware  that  the  steady-state  roll  response  was  much 
too  low.  With  Ke  ■»  1.0  and  the  prefilter  lag  reduced  from  10  to 
3  rad/sec  (CAS  3),  the  roll  sensitivity  was  reduced,  although  not 
enough.  It  was  clear  from  CASs  1-3  that:  a)  the  roll  response  for 
large  inputs  was  too  low;  b)  a  reduction  in  the  prefilter  lag  helped 
reduce  sharp  inputs;  c)  a  reduction  in  the  error  gain  eliminated 
ratcheting.  Therefore,  CAS  4  was  evaluated.  This  involved  a  new  Pc/Fas 
gradient  (Figure  11),  Including  a  0.75  lb  breakout,  and  lower  Tp  and  Kg 
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(Table  3).  It  also  produced  a  mild  PIO  tendency  during  air-to-air 
tracking,  probably  due  to  the  breakout.  Finally,  a  slightly  more  sensi¬ 
tive  gradient  with  no  breakout  (Curve  5)  was  found  to  be  best  for  all- 
around  response. 

Another  example  of  roll  ratcheting,  experienced  on  the  YF-16  (Refer¬ 
ence  124),  is  given  in  Figure  12a.  The  pilot  was  attempting  a  steady 
roll  with  less  than  full  control  input.  The  ratcheting  is  seen  to  be  a 
lightly  damped  oscillation  at  a  frequency  of  about  12  rad/sec.  As  the 
second  roll  on  Figure  12  shows,  the  pilot  was  later  able  to  perform  a 
roll  without  encountering  ratcheting.  According  to  Reference  124, 
"Full-authority  rolls  did  not  involve  the  oscillation." 

The  roll  ratcheting  experienced  on  the  YF-4E  SFCS  (Reference  123) 
was  of  a  somewhat  different  character  than  that  of  the  YF-16  or  DIGITAC, 
as  it  occurred  primarily  during  fine  maneuvering  rather  than  during 
large-input  rolls.  A  representative  time  history  is  not  available,  but 
Reference  123  describes  "an  oversensitive  roll  response  which  was  uni¬ 
versally  objectionable  to  the  pilots.  It  tended  to  manifest  itself  in 
uncomfortably  high  roll  accelerations  during  rolling  maneuvering  and 
roll  'ratcheting'  or  jerkiness  around  neutral,  particularly  during  tasks 
involving  precise  control."  One  pilot  commented  in  Reference  123  that 
the  ratcheting  "becomes  less  noticeable  during  up  and  away  flight.  How¬ 
ever,  this  problem  is  definitely  noticeable  while  performing  a  close 
task  such  as  formation  or  air  to  air  tracking." 

The  final  example  of  roll  ratcheting  we  will  examine  occurred  during 
flight  evaluations  on  the  USAF/Calspan  variable-stability  NT-33.  An 
investigation  of  lateral  flying  qualities  of  highly  augmented  fighter 
aircraft  (dubbed  LATHOS  for  Lateral  High-Order  System,  Reference  258) 
represents  an  excellent  data  base  for  detailed  discussion  on  many  of  the 
handling  quality  concerns  for  modern  aircraft. 

While  the  LATHOS  tests  were  not  intended  to  investigate  the  handling 
qualities  of  command  augmentation  systems  per  se,  mechanization  of  the 
lateral  control  effectiveness  was  such  that  it  may  be  considered  a  CAS. 
That  is,  the  NT-33  variable-stability  system  was  devised  to  command  a 
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Figure  12  (3.5.10.3).  Steady  Rolls  on  YF-16  (Reference  124). 
Roll  in  (b)  was  Performed  32  seconds  after  (a)  and 
was  Satisfactory,  h  =  10,000  ft,  M  =  0.80 
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The 


certain  ratio  of  steady-state  roll  rate  to  stick  force  (Pss/Fas)  —  a 
pseudo-CAS  network.  Additionally,  the  roll  rate  response  was  devised 
with  a  neutral  spiral  (Ts  ■  *)  and  »  1.  Thus  the  lateral- 

directional  response  was  effectively  first  order  in  combination  with  a 
variable  prefilter  and  a  time  delay  to  account  for  actuator  lags,  i.e.. 


P 


TFLFaae 


028s 


*as  (s  +  1/Tg)(s  +  1/Tp) 

For  the  configurations  with  ratcheting.  -  0.15  sec.  Figure  13  illus¬ 
trates  the  ratcheting  from  a  HUD  tracking  task.  (The  very  high  fre¬ 
quency  oscillations  at  50-60  rad/sec  are  aileron  "buzz,"  resulting  from 
an  instability  in  the  NT-33  variable-stability  system.  In  some  in¬ 
stances  the  pilots  complained  about  the  "buzz."  It  is  not  known  whether 
this  "buzz"  was  common  to  all  the  Tp  ■  0.15  sec  cases,  or  whether  it 
influenced  pilot  ratings  for  these  cases.)  The  ratcheting  is  best  seen 
in  the  p  and  Faa  traces,  at  a  frequency  of  about  16  rad/sec. 


Figure  14  compares  the  Pgs/Fas  gradients  flown  on  IATHOS  in  Category 
A  tasks  (air-to-air  tracking,  HUD  tracking,  and  aerial  refueling)  with 
the  acceptable  range  from  Figure  2-  No  breakout  or  friction  forces  were 
mechanized.  Several  values  of  prefilter  lag,  Tp,  were  used  with  Con¬ 
figurations  5-2  and  5-3.  Figure  15  shows  the  influence  of  prefilter 
time  constant  on  pilot  ratings. 


For  Configuration  5-2  (pa8/Fas  *  10),  the  roll  response  for  small 
inputs  lies  well  above  the  acceptable  range  in  Figure  14,  while  the 
response  for  large  inputs  falls  below  the  range  of  acceptable  gradients. 
The  pilot  comments  for  Configuration  5-2  are  consistent  with  this  obser¬ 
vation.  Typical  comments  were:  "Took  off  pretty  smartly  initially,  but 
felt  heavy  for  final  response ... .Not  predictable  for  fine  tasks.... 
Quick,  sharp,  ratcheting."  Pilot  ratings  for  this  case  were  Level  3 
(HI  ■  7,  7).  These  ratings  and  comments  were  for  Tp  -  0.025  sec.  How¬ 
ever,  increasing  Tp  did  little  to  improve  the  ratings  (see  Figure  15) 
because  of  the  inadequate  response.  Pilot  comments  reflect  this: 
"Gross  acquisition  sluggish •• .Sensitivity  low. ..Took  a  lot  of  force." 
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Figure  13  (3.3.10,3).  Roll  Ratcheting  Experienced  on  LATHCS 
(Reference  258).  Configuration  5-2 


Figure  14 
and 


(3.5.10.3).  Roll  Gradients  for  LATHOS  Configurations  5-2 
5-3  (Tr  =  0.15  sec)  Compared  with  Acceptable  Range 
from  Figure  2 
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Figure  15 


(3.5.10.3).  Influence  of  Prefilter  Lag  on  Pilot  Ratings 
(Reference  258).  Tr  =  0.15  sec 
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For  Configuration  5-3  (P88/Fas  ■  18,  Figure  14)  the  final  response 
is  Improved,  but  the  small-control- input  response  is  much  too  sensitive* 
Pilot  comments  for  the  40  rad/sec  filter  case  (Tp  ■  0.025,  Figure  15) 
reflect  this:  "Gross  acquisition  —  no  problem.  Fine  tracking  was 
characterized  by  jerkiness . . . .Had  the  perception  that  the  stick  was  mov¬ 
ing  in  my  hand."  Prefilters  of  3.33-10  rad/sec  (Tf  -  0.10  and  0.3, 
Figure  15)  produced  Level  1  pilot  ratings,  a  trend  like  that  found  on 
DIGITAC.  With  Tp  ■  1.0,  however,  a  PR  of  7  was  given;  this  was  "Smooth 
but  sluggish ... .Wouldn' t  response  to  aggressive  inputs." 

Finally,  two  nonlinear  gradients  (5-3N2  and  5-3N3,  Figure  14)  had 
the  effect  of  reducing  the  sensitivity  for  small  inputs  while  still  pro¬ 
viding  good  power  for  large  inputs.  For  5-3N2,  a  pilot  rating  of  4-1/2 
was  given  due  to  "Beginning  of  ratcheting  —  not  strong ....  Jerky  even 
with  small  inputs."  For  5-3N3,  a  PR  of  4  was  similarly  given  because 
"Initial  response  [was]  too  ab rupt ... .Adequate  final  roll  rate  for  large 
inputs ." 

The  LATHOS  results  are  very  similar  to  those  for  DIGITAC,  i.e., 
ratcheting  was  reduced  by  addition  of  a  roll  prefilter  around  3  rad/sec. 
However,  as  discussed  in  Section  3.2. 1.1,  stick  prefilters  are  a  major 
contributor  to  overall  effective  time  delay,  Tg.  For  example.  Figure  9a 
(3. 2. 1.1)  shows  that  a  3  rad/sec  prefilter  contributes  about  0.1  second 
to  the  overall  time  delay  in  the  longitudinal  axis.  For  sophisticated 
aircraft  control  systems,  with  structural  filters,  sensor  filters,  etc., 
included,  a  prefilter  as  low  as  3  rad/sec  could  cause  an  unacceptably 
large  delay.  The  prefilter  should  not  be  looked  on  as  a  final  solution. 

e .  Guidance  for  Acceptable  Sensitivity 

The  following  guidelines  are  offered  to  obtain  adequate  roll  control 
power  for  large  control  inputs  without  incurring  excessive  abruptness 
and/or  roll  ratcheting  for  small  inputs,  as  well  as  excessive  time  delay 
and  hence  lateral  PIO  tendencies. 


Utilize  nonlinear  lateral  stick  shaping  in  the 
region  specified  in  Figure  2. 


•  Avoid  excessively  large  values  of  1/TR  by  mini¬ 
mizing  the  gain  on  the  roll  rate  feedback.  Fig¬ 
ure  14  (3. 5. 1.1.1)  suggests  1/TR  <  4. 

•  Stick  filters  will  eliminate  roll  ratcheting. 

However,  the  break  frequency  should  be  carefully 
evaluated  in  terms  of  time  delay  [see  Figure  1 
(3. 5. 1.1. 5)]. 

1.  Program  of  Reference  46  (Flight  Phase  Category  A) 

In  this  in-flight  lateral-directional  flying  qualities  program  for  a 
typical  fighter  mission  the  pilots  were  allowed  to  select  the  sensi¬ 
tivity  of  the  aileron  control.  The  resulting  "optimum"  sensitivities 
are  presented  in  Figure  16.  (The  spring  rate  was  Fas/5as  =  3.81  lb/in.) 
Only  "optimum"  sensitivities  are  shown  because  most  configurations  were 
Level  2  or  worse  in  dutch  roll  or  roll  mode  characteristics.  Many  of 
the  points  shown  in  Figure  16  are  associated  with  poor  pilot  ratings. 
Hence  there  is  a  tacit  assumption  that  the  optimum  roll  sensitivity  is 
the  same  for  Level  1  and  2  values  of  and  c^- 

2.  Program  of  Reference  38  (Flight  Phase  Category  A) 

In  this  program,  which  utilized  a  rolling  simulator  and  several 
fighter  aircraft,  a  parametric  variation  of  L6a^amax  and  tr  was  1,13(16 
to  determine  lateral  control  requirements  for  fighter  aircraft  perform¬ 
ing  fighter  missions.  As  such,  the  results  of  this  program  should  be 
directly  comparable  to  the  results  of  the  program  of  Reference  46.  The 
Reference  38  data  are  plotted  along  with  the  Reference  46  data  in  Fig¬ 
ure  16.  Optimum  values  and  the  values  corresponding  to  Level  1  and 
Level  2  flying  qualities  are  also  shown.  The  spring  rate,  Fas/6as,  was 
2  lb/in.  It  can  be  seen  from  Figure  16  that  the  data  points  of  constant 
pilot  rating  lie  approximately  along  lines  of  constant  (bank  angle 
in  one  second).  This  suggests  that,  at  least  for  Class  IV  aircraft 
performing  fighter  missions,  roll  response  sensitivity  can  be  best 
expressed  in  terms  of  4i/Fas  (bank  angle  in  1  second  per  pound).  It  can 
further  be  seen  that  the  data  points  from  Reference  38  for  Level  1  roll 
response  sensitivity  lie  along  a  curve  of  "  15  deg/lb;  for 
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Figure  16  (3.5.10.3).  Flight  Phase  Category  A  - 
Force  Sensitivity 

Level  2  flying  qualities,  ^/Fas  -  25  deg/lb.  Both  sets  of  data  indi¬ 
cate  that  for  optimum  roll  response  sensitivity  should  be  between 
10  and  20  deg/lb.  A  possible  exception  is  indicated  by  the  low-TR  data 
of  Reference  46,  where  somewhat  lower  optimum  roll  response  sensitivi¬ 
ties  were  selected  by  the  pilots. 

Figure  17  shows  actual  data  from  the  tests  of  Reference  38.  The 
pilot  ratings  from  the  moving-base  simulation  (Figure  17b)  clearly  sup¬ 
port  the  gradient  limits  of  Table  1.  Differences  between  the  fixed  and 
rolling  simulator  results  are  presumably  due  to  the  additional  accelera¬ 
tions  sensed  by  the  pilots  in  the  rolling  simulator.  These  results 
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Indicate  that  compliance  with  this  requirement  should  involve  a  moving- 
base  simulator  as  a  minimum. 

3.  Program  of  Reference  44  (Plight  Phase  Category  C) 

In  order  to  compare  the  fighter-airplane  data  for  up-and-away  flight 
with  data  for  the  landing  approach,  consider  the  in-flight  data  of 
Reference  44  shown  in  Figure  18»  From  comparison  of  Figures  16  and  18 
it  can  be  seen  that  the  optimum  roll  response  sensitivity,  maximum 
satisfactory  roll  response  sensitivity  (Level  1),  and  maximum  acceptable 
roll  response  sensitivity  (Level  2),  in  terms  of  rolling  accelerations 
per  force  for  the  landing  approach,  are  about  half  that  for  respective 
levels  of  flying  qualities  for  Flight  Phase  Category  A.  This  is 
reflected  in  Table  1. 

H.  LESSORS  LEAEHED 

Some  flight  test  data  are  available  for  several  current  aircraft. 
These  are  compared  with  the  Table  1  boundaries  below. 

The  F-5  roll  gradients  in  both  Category  A  and  C  flight  fall  well 
within  the  Level  1  limits,  as  Figure  19  (from  Reference  131)  shows. 
Similarly,  gradients  for  the  F-18A  in  Category  A  (Figure  20)  and  C  (Fig¬ 
ure  21)  flight  phases  are  within  the  Level  1  limits. 

As  discussed  in  "Guidance  for  Application,"  airplanes  with  high 
gain,  high  authority  roll  augmentation  systems  require  a  parabolic  stick 
shaping  network.  Such  a  network  makes  it  possible  to  maintain  the 
required  sensitivity  for  small  stick  deflections  without  giving  up  roll¬ 
ing  performance  for  large  stick  deflections.  The  F-18  has  a  parabolic 
stick  shaping  network  and  the  data  shown  in  Figures  20  and  21  represent 
sensitivities  for  small  stick  deflections  such  as  used  for  precision 
tracking. 
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Figure  20  (3.5.10.3).  Roll  Response  Per  Pound  Versus  Mach 

for  F-18A  (Flight  Test  Data  from  Reference  134) 
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Figure  21  (3<5.10.3)<  Roll  Sensitivity  Characteristics  in 
Configuration  PA  for  F-18A  (Flight  Test  Data 
from  Reference  134) 


s 


3.5.10.4  Roll  axis  control  forces  —  control  centering  and  breakout 
forces 


A.  REASON  FOR  REQUIREMENT 


This  requirement  Is  Included  to  Insure  that  the  centering  and  break¬ 
out  characteristics  of  the  roll  controller  are  acceptable  to  the  pilot. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 5. 2.1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMfENDKD  VALUES 

3.5.10.4  Roll  axis  control  forces  — -  control  centering  and  breakout 
forces.  Lateral  controls  should  exhibit  positive  centering  In  flight  at 
any  normal  trim  conditions. 

The  combined  effects  of  centering,  breakout  force,  damping,  and 
force  gradient  shall  not  produce  objectionable  flight  characteristics. 

Breakout  forces.  Including  friction,  preload,  etc.,  shall  be  within 
the  following  limits:  . 


Recommended  breakout  force  limits  are  given  in  Table  1. 

TABLE  1  (3.5.10.4) 


RECOMMENDED  ALLOWABLE  BREAKOUT  FORCES  (lb) 


LEVEL 

CONTROL 

CLASSES  I, 

II-C,  IV 

CLASSES  XI-L,  III 

MINIMUM 

MAXIMUM 

MINIMUM 

MAXIMUM 

Sidestick 

1/2 

1 

1  and  2 

Centerstick 

1/2 

2 

1/2 

4 

Wheel 

1/2 

3 

1/2 

6 

Sidestick 

wem, 

4 

■m 

3 

Centerstick 

4 

8 

Wheel 

1/2 

6 

KK 

12 
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D.  RATIONALE  BEHIND  REQUIREMENT 

A  discernible  neutral  point  (or  trim  or  equilibrium  point)  should 
always  be  provided  in  manual  pitch,  roll,  or  yaw  controllers.  That  is, 
if  the  pilot  chooses  to  release  a  control  it  should  return  to  a  neutral 
or  trim  state.  If  no  cues  are  provided  the  pilot  will  be  forced  to 
manually  search  for  such  a  trim  condition.  This  can  lead  to  poor  maneu¬ 
vering  control,  or,  in  the  extreme,  to  pilot-induced  oscillations. 

The  sidestick  breakout  forces  in  Table  1  are  based  upon  recommenda¬ 
tions  of  Reference  23. 

E.  GUIDANCE  FOR  APPLICATION 

While  this  paragraph  does  not  require  absolute  centering,  the  ten¬ 
dency  for  positive  centering  should  always  be  detectable.  With  absolute 
centering,  a  cockpit  control  will  always  return  exactly  to  its  trim 
position  when  released.  Positive  centering  is  a  tendency  to  return: 
upon  release,  the  control  will  move  toward  the  trim  position  but  fric¬ 
tion  may  prevent  absolute  centering. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Measurement  of  breakout  forces  on  the  ground  will  ordinarily  suffice 
in  lieu  of  actual  flight  measurement,  provided  that  qualitative  agree¬ 
ment  between  ground  measurement  and  flight  observation  can  be  estab¬ 
lished. 

G.  SUPPORTING  DATA 

None  available. 

H.  LESSONS  LEARNED 


No  information  available  at  this  time 


A.  SEASON  FOR  REQUIREMENT 


While  some  amount  of  free  play  may  be  desirable  to  prevent  oversen¬ 
sitivity  to  unintended  control  motions,  the  free  play  should  not  create 
an  objectionably  large  dead  zone. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.5.2. 2 

C.  STATEMENT  OF  REQUIREMENT 

3.5.10.5  Roll  axis  control  forces  —  free  play.  The  free  play  in 
the  lateral  controller  shall  not  result  in  objectionable  flight  charac¬ 
teristics,  especially  for  small  amplitude  inputs.  Free  play  should  be 
within  the  following  boundaries:  _ . 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  requirement  prevents  design  of  large  dead  zones  in  the  roll 
controller.  In  normal  operations,  and  especially  in  high-demand  times 
such  as  turbulence  penetration  or  air  combat,  free  play  can  contribute 
to  overcontrol  and  rapid  pilot  fatigue. 

No  numerical  value  has  yet  been  found  that  appears  generally  ade¬ 
quate.  The  allowable  free  play  would  seem  to  be  a  function  of  control- 
deflection  sensitivity  (angular  acceleration  per  inch  or  degree  of  move¬ 
ment)  and  possibly  control-force  sensitivity  as  well. 

B.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  not  intended  to  eliminate  all  free  play.  Free 
play  is  often  designed  into  a  controller. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Measurement  of  free  play  in  flight  should  be  made  over  the  opera¬ 
tional  load  factor  and  airspeed  ranges  at  the  minimum  and  maximum  opera¬ 
tional  altitudes. 


6.  SUPPORTING  DATA 


None  available. 

H.  LESSONS  LEARNED 

None  available. 


3.5.10.6  Roll  axis  control  force  limits 

3.5.10.6.1  Roll  axis  control  force  limits  —  steady  turns 


A.  SEASON  90S  REQUIREMENT 


This  requirement  is  included  to  limit  the  pilot  effort  required  to 
perform  coordinated  turns. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.  3. 2. 6 

C.  STATEMENT  Of  REQUIREMENT  AND  SEOOMfENDED  VALDES 


3.5.10.6.1  Roll  axis  control  force  limits  —  steady  turns.  It 
shall  be  possible  to  maintain  steady  turns  with  the  airplane  trimmed  for 

:he  yaw  controls 
roll  controller 


wings-level  straight  flight  in  either  direction  with 
free  at  the  following  combinations  of  bank  angle  and 
force  characteristics:  . 

The  recommended  values  constitute 

Levels  1  and  2. 

Airplane 

Class 

Bank 

Angle  (deg) 

I  and  II 

45 

III 

30 

IV 

60 

Maximum  roll  control  forces: 

Centerstick  controller:  5  lb 

Wheel  controller: 

10  lb 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement,  in  combination  with  Paragraph  3. 6. 6. 2. 2,  limits 
the  allowable  control  forces  in  steady  turns.  The  objective  of  the 
requirement  is  to  insure  that  only  modest  roll  control  forces  are 
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required  when  rudder  pedals  are  not  used*  The  steepness  of  the  turn  is 
a  function  of  airplane  Class,  to  correspond  with  normal  operational  use* 

6.  GUIDANCE  FOR  APPLICATION 

This  requirement  applies  to  Levels  1  and  2  only,  since  it  is  ex¬ 
pected  that  Level  3  operations  would  not  involve  steady,  large-bank- 
angle  turns . 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  at  the  specified  bank  angle,  at  maximum  operational 
altitude  and  minimum  operational  velocity,  generally  presents  the  most 
potential  for  large  yawing  moments  and  large  effective  dihedral. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.5.10.6.2  Roll  axis  control  force  limits  —  dives  and  pullouts 


A.  REASON  FOR  REQUIREMENT 


This  requirement  is  included  to  limit  the  forces  necessary  to  main¬ 
tain  roll  attitude  during  dives  and  pullouts. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.8 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5.10.6.2  Roll  axis  control  force  limits  —  dives  and  pullouts. 

Roll  control  forces  shall  not  exceed  _  lb  in  dives  and  pullouts  to  the 

maximum  speeds  specified  in  the  Service  Flight  Envelope. 


Recommended  values : 


Propulsion 

_ SB?... 


Maximum  Roll 
Control  Force  (lb) 


Propeller 


20 


Other 


10 


D.  RATIONALE  BEHIND  REQUIREMENT 

As  with  similar  requirements  in  the  yaw  axis,  this  paragraph  distin¬ 
guishes  between  propeller-driven  and  all  other  airplanes  because  of  the 
normal  crossflow  effects  due  to  turning  propellers. 

E.  GUIDANCE  FOR  APPLICATION 

The  applicability  of  this  requirement  is  dependent  upon  specifica¬ 
tion  of  dives  by  the  procuring  activity. 
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F.  DEMONSTRATION  OF  COMPLIANCE 

If  dives  are  specified  as  normal  operations,  flight  testing  must 
cover  the  flight  conditions  for  such  dives*  Otherwise,  some  amount  of 
dive  and  pullout  testing  should  be  performed* 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None* 


510 


3.5.10.6.3  Roll  axis  control  force  limits  —  crosswinds 


A.  SEASON  FOR  THIS  REQUIREMENT 

This  requirement  is  included  to  assure  that  roll  control  forces  in 
crosswind  takeoffs  and  landings  are  not  unreasonably  large. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.7 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5.10.6.3  Roll  axis  control  force  limits  —  crosswinds.  It  shall 
be  possible  to  take  off  and  land  in  the  crosswinds  specified  in  3. 5. 9. 3 
without  exceeding  the  following  roll  control  forces:  _ . 

It  is  recommended  that,  as  a  maximum,  roll  control  forces  should  be 
no  greater  than  those  specified  by  3.5.10.2. 

D.  RATIONALE  BEHIND  REQUIREMENT 

As  It  is  written,  this  is  simply  a  method  of  Insuring  that  crosswind 
operations  do  not  require  more  roll  control  force  than  normal  rolling 
maneuvers,  i.e.,  that  the  limiting  factor  on  roll  forces  will  never  be 
wings-level  flight  in  crosswinds. 

E.  GUIDANCE  FOR  APPLICATION 
None  required. 

F.  DEMONSTRATION  OF  COMPLIANCE 

From  a  safety  aspect,  actual  takeoffs  and  landings  in  crosswinds  may 
be  impractical  for  Level  2  operation.  However,  actual  takeoffs  and 
landings  need  to  be  made  in  crosswinds  up  to  the  specified  values  in 
order  to  demonstrate  compliance  in  Level  1  operation.  At  the  Air  Force 
Flight  Test  Center,  for  one  place,  there  should  be  little  difficulty  In 
finding  appropriate  crosswinds  for  a  flight-test  buildup. 
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3.5.10.6.4  Roll  axis  control  force  limits  —  steady  sideslips 


A.  REASON  FOR  REQUIREMENT 

This  requirement  is  Included  to  insure  that  the  amount  of  roll  con¬ 
trol  force  necessary  to  achieve  a  reasonable  steady  sideslip  condition 
is  never  tiring  for  the  pilot . 

B.  RELATED  MIL-F-S785C  REQUIREMENT 


3.3.7. 1 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.5.10.6.4  Roll  axis  control  force  limits  —  steady  sideslips.  In 

final  approach  the  roll  control  forces  shall  not  exceed  _  lb  when  in  a 

straight,  steady  sideslip  of  _  deg. 

Maximum  recommended  control  forces: 

Level  1:  10  lb 

Levels  2  and  3:  20  lb 

Sideslip  specified  should  be  same  as  for  Paragraph  3. 6.5.1. 

D.  RATIONALE  BEHIND  REQUIREMENT 


This  requirement  augments  the  yaw  control  power  requirement  of  Para¬ 
graph  3. 6. 5.1  to  assure  that  coordinating  roll  forces  in  sideslips  are 
reasonable . 

E.  GUIDANCE  FOR  APPLICATION 


None  required. 

F.  DEMONSTRATION  OF  COMPLIANCE 

See  discussion  under  Paragraph  3.6.5. 1. 


6.  SUPPORTING  DATA 


None. 

H.  LESSONS  LEARNED 

None. 
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3.5.10.6.5  Roll  axis  control  force  limits 


engine  failures  after 


takeoff 


A.  REASON  FOR  REQUIREMENT 


This  paragraph  Is  Intended  to  prevent  excessive  roll  control  forces 
to  counter  the  effects  of  engine  failure  after  takeoff. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 9. 2,  3. 3. 9. 4 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.5.10.6.5  Roll  axis  control  force  limits  —  engine  failures  after 
takeoff.  Following  a  thrust  loss  from  the  most  critical  factor  after 

takeoff  the  roll  control  forces  shall  not  exceed  _  lb,  with  takeoff 

thrust  maintained  on  the  operative  engines  and  trim  at  the  normal  set¬ 
tings  for  takeoff  with  symmetric  thrust.  Automatic  devices  that  nor¬ 
mally  operate  In  the  event  of  a  thrust  failure  may  be  used,  and  the 
airplane  may  be  banked  up  to  5  degrees  away  from  the  inoperative  engine. 

Recommended  values :  The  roll  control  force  limits  should  be  those 
specified  by  Paragraph  3.5.10.2.  With  yaw  controls  free,  forces  should 
be  the  Level  2  upper  limits  specified  in  3.5.10.2  for  Levels  1  and  2, 
and  the  Level  3  upper  limits  for  Level  3. 

D.  RATIONALE  BEHIND  REQUIREMENT 


As  with  other  roll  force  limits,  this  requirement  is  intended  to 
assure  that  compensation  for  engine  failure  is  not  the  limiting  control 
force  requirement. 

B.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  a  direct  extension  of  the  yaw  control  force 
requirement  of  Paragraph  3. 6. 4.1. 


F.  DEMONSTRATION  OF  COMPLIANCE 


Roll  control  forces  should  be  measured  while  demonstrating  compli¬ 
ance  with  the  applicable  portion  of  Paragraph  3. 6* 4.1* 

6.  SUPPORTING  DATA 

None* 

H.  LESSONS  LEARNED 

None* 
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3.5.10.6.6  Roll  axis  control  force  limits  —  configuration  or  control 
mode  change 


A.  REASON  FOR  REQUIREMENT 


Intentional  engagement  or  disengagement  of  any  portion  of  the  flight 
control  system  should  never  result  in  unusual  or  unreasonable  demands  on 
the  pilot  to  retain  control. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 5. 6.  2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.5*10.6.6  Roll  axis  control  force  limits  —  configuration  or 
control  mode  change.  The  control  force  changes  resulting  from  the 
intentional  engagement  or  disengagement  of  any  portion  of  the  primary 
flight  control  system  by  the  pilot  shall  not  exceed  the  following 
limits:  _ • 

It  is  recommended  that  for  at  least  5  seconds  following  the  mode 
change  the  change  in  roll  force  not  exceed  10  pounds. 

D.  RATIONALE  BEHIND  REQUIREMENT 


Trim  transients  following  intentional  pilot  actions  with  the  flight 
control  system  should  obviously  be  small. 

Since  this  requirement  deals  with  intentional  modification  of  the 
flight  control  system,  it  is  implied  that  no  failures  have  occurred. 
Failures  are  covered  explicitly  by  3.5.10.6.5. 

E.  GUIDANCE  FOR  APPLICATION 


Proper  application  of  this  requirement  may  be  performed  by  careful 
design  of  the  airplane  augmentation  systems.  Mode  switching  should 
assure  that  the  new  mode  chosen  does  not  have  any  large  transients  in 
initialization. 


F.  DEMONSTRATION  OF  OQMFLIAHCK 


This  requirement  is  effectively  a  subset  of  3. 5. 8. 3.  Simulation, 
analysis,  or  flight  test  demonstrations  for  that  paragraph  should 
Include  force  response  tests* 

6.  SUPPORTING  DATA 

At  this  time  no  supporting  data  are  available. 

H.  LESSONS  LEASHED 

None. 
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3.6 


HANDLING  QUALITY  REQUIREMENTS  FOR  YAW  AXIS 


3.6.1  Yaw  Axis  Response  to  Yaw  Controller 

3. 6. 1.1  Yaw  axis  lower-order  equivalent  system  requirements 

3. 6. 1.1.1  Dynamic  response 


A.  REASON  FOR  REQUIREMENT 

This  requirement  assures  that  any  lateral-directional  oscillatory 
(dutch  roll)  response  to  yaw  controller  is  sufficiently  stable  and  well 
damped . 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3. 1.1 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 6. 1.1.1  Dynamic  response.  The  equivalent  parameters  describing 
the  response  of  sideslip  to  a  yaw  control  input  shall  have  the  following 

characteristics:  _ .  The  requirements  shall  be  met 

in  trimmed  and  in  maneuvering  flight  with  cockpit  controls  fixed  and 
with  them  free,  in  oscillations  of  any  magnitude  that  might  be  experi¬ 
enced  in  operational  use.  If  the  oscillation  is  nonlinear  with  ampli¬ 
tude,  the  requirement  shall  apply  to  each  cycle  of  the  oscillation.  In 
calm  air  residual  oscillations  may  be  tolerated  only  if  the  amplitude  is 
sufficiently  small  that  the  motions  are  not  objectionable  and  do  not 
impair  mission  performance. 

Recommended  minimum  dutch  roll  frequency  and  damping  are  given  in 
Table  1.  The  parameters  should  be  found  by  matching  the  higher-order 
sideslip  response  to  yaw  control  input  to  the  following  lower-order 
form,  over  the  frequency  range  from  0.1  rad/sec  to  10  rad/sec: 

-To  .S 

B  _  KBe  3 

Frp  [s2  +  2<;da>ds  +  uj2  ) 

The  algorithms  described  in  Appendix  A  should  be  used  for  the  fitting 
process.  No  limits  are  set  on  Te^  at  this  time. 
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2  2 
When  “alt/Bld  ia  greater  than  20  (rad/aec)  ,  the  minimum  cdu>d  should 

be  increased  above  the  Cdu>d  minlmums  listed  in  Table  1  by: 


Level  1: 

ACd^d 

-  0.014(o>J|4>/B|d  -  20) 

Level  2: 

^dud 

-  0.009(u>d|*/B|d  -  20) 

Level  3: 

ACd“d 

-  0.005(i4N>/3|d  -  20) 

with  u»d  in  rad /sec. 


TABLE  1  (3.6. 1.1.1) 

RECOMMENDED  MINIMUM  DUTCH  ROLL  FREQUENCY  AND  DAMPING 


LEVEL 

FLIGHT 

PHASE 

CATEGORY 

CLASS 

Min  Cd* 

Min  Cdfc>d* 

(rad /sec) 

Min  u>d 

(rad /sec) 

A  (CO  and  GA) 

IV 

0.4 

0.4 

1.0 

A 

I,  IV 

II,  III 

0.19 

0.19 

0.35 

0.35 

1.0  ! 
0.4 

1 

B 

All 

0.08 

0.15 

0.4 

c 

i,  ii-c, 

IV 

0.08 

0.15 

1.0 

II-L,  III 

0.08 

0.10 

0.4 

2 

All 

All 

0.02 

0.05 

0.4 

3 

All 

All 

0 

— 

0.4 

*The  governing  damping  requirement  is  that  yielding 
the  larger  value  of  4d,  except  that  a  ?d  of  0. 7  is  the 
maximum  required  for  Class  III. 
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I.  batiobalb  mrran  uqmum 

Allowable  dutch  roll  oscillatory  characteristics  ere  specified  In 
tens  of  minimum  values  of  Cg,  «g,  and  Cg*>g;  the  latter  la  also  a  func¬ 
tion  of  |+/6|g  when  |+/6|g  la  very  large*  From  examination  of  support¬ 
ing  data  It  was  apparent  that  over  a  wide  range  of  frequencies  and 
lt/0id  response  ratios,  lines  of  constant  damping  ratio  (Cg)  fit  the 
data  quite  well*  In  deternlnlng  the  minimum  frequency  («g)  boundaries. 
It  was  found  that  the  acre  closely  the  low-frequency  data  were  examined, 
the  more  difficult  it  became  to  assess  the  Importance  of  low  dutch  roll 
frequency  per  se*  Mot  surprisingly,  there  Is  support  for  raising  the 
minimum  acceptable  value  of  Cg  when  u>g  Is  low,  e*g*,  Cg  and  Wg  are  not 
independent*  This  is  reflected  by  specifying  a  minimum  for  the  total 
damping  (Cg<*»g). 

The  total  damping  has  also  been  made  a  function  of  the  product 

2 

Wg  |  ♦  /B  |  d  •  While  the  data  to  support  this  are  sparse,  there  is  a  clear 
need  to  account  for  possible  turbulence  effects  on  aircraft  with  high 
dutch  roll  frequencies  and  high  I4/Blg. 

Limits  on  Te^  have  not  been  specified.  It  is  expected  that  is 
not  as  critical  as  delays  In  the  pitch  and  roll  axes,  since  the  pilot 
does  not  normally  perform  hlgh-galn  precision  tracking  of  sideslip  with 
the  yaw  control.  Time  delay  has  been  shown  to  be  especially  Important 
only  when  aggressive  closed-loop  tracking  Is  Inherent  to  the  flying 
task* 

B.  GUIDANCE  FOB  APPLICATION 


While  not  specifically  stated  In  the  requirement,  it  is  intended 
that  equivalent  values  of  Cg  and  Wg  be  used  for  augmented  airplanes. 
Inasmuch  as  there  has  been  little  work  done  to  develop  lower-order  equi¬ 
valent  systems  for  the  dutch  roll  response,  guidance  on  this  area  Is 
limited.  For  most  airplanes  an  appropriate  lower-order  equivalent 
system  for  sideslip  response  to  a  rudder  Input  Is  slmplyt 

‘X*BS 


JL  - 

*rp 


1SL 


(«2  ♦  2«dV  *  “J) 
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Hence,  for  cases  where  te^  is  small,  simple  measurements  from  a  time 
response  of  sideslip  to  rudder  kick  will  frequently  be  sufficient*  Com 
plications  arise  when  |$/8|d  Is  large  and  a  significant  portion  of  the 
dutch  roll  response  occurs  In  roll*  This  is  currently  covered  by  the 
empirically  developed  formulas  for  The  expressions  indicate  that 

an  Incremental  Increase  in  the  required  total  damping  is  neces¬ 
sary  when  >  20. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Compliance  must  be  demonstrated  through  flight  testing  at  the  mini¬ 
mum  and  maximum  specified  operational  altitudes,  over  the  range  of 
service  speeds,  with  the  airplane  configured  for  maximum  yawing  moment 
of  inertia.  In  most  cases  a  simple  rudder  pulse  or  doublet  is  suffi¬ 
cient  to  excite  the  dutch  roll  mode*  Classical  time  response  measures 
should  be  sufficient  to  extract  5d  and  ui^  from  the  sideslip  time  his¬ 
tories  . 

G.  SUPPORTING  DATA 

Because  of  the  fundamental  nature  of  this  requirement  there  is  a 
reasonably  large  data  base  wherein  Cd,  &>d,  and  |$/Bld  have  been  varied 
in  a  systematic  manner.  However,  a  review  of  this  data  base  reveals 
that  the  minimum  Cd  for  Class  IV  Category  A  (CO  and  GA)  (£d  0*4)  is 

not  supported*  This  is  a  result  of  the  fact  that  stability  augmentation 
has  allowed  the  realization  of  much  larger  values  of  £d  than  were  pre¬ 
viously  possible.  Given  the  option  to  fly  with  larger  values  of  cd» 
pilots  have  found  significant  improvements  in  tracking  performance,  both 
air-to-air  (CO)  and  air-to-ground  (GA)  —  hence  the  recommendation  from 
the  AFFTC  to  set  5d  at  0.4  for  these  tasks.  (Unfortunately,  we  have  not 
received  documentation,  in  the  form  of  pilot  ratings,  from  AFFTC.) 

It  should  also  be  recognized  that  recent  years  have  seen  a  large 
Increase  in  the  emphasis  on  aggressive  pilot  behavior  in  flight  test 
experience.  This  would  also  have  the  effect  of  increasing  the  minimum 
levels  of  sd  which  were  quite  low.  It  is  expected  that  future  experi¬ 
ments  will  show  a  need  for  increasing  Cd  ,  for  other  aircraft  Classes 

min 

and  Flight  Phase  Categories. 
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The  supporting  data  that  currently  exist  trill  be  reviewed  for  each 
Flight  Phase  Category  In  the  following  paragraphs. 

1*  Categories  A  and  B 

Since  most  of  the  available  flight  test  reports  involve  either  open- 
loop  bank  angle  maneuvers  or  landing  approach  tasks,  there  Is  very 
little  data  for  substantiating  Category  A  requirements.  As  a  result, 
much  of  the  data  presented  here  may  be  more  applicable  to  Category  B 
Flight  Phases.  The  data  will  be  compared  with  the  limits  in  Table  1  for 
both  Flight  Phases. 

Reference  71  contains  some  of  the  pilot  ratings  that  were  used  to 

formulate  the  Category  B  limit  on  in  MIL-F-8785B.  As  shown  in 

Figure  1,  the  correlation  is  not  very  strong.  The  tasks  were  essen¬ 
tially  open-loop:  abrupt  45  to  60  deg  bank-angle  coordinated  turn 


Figure  1  (3.6. 1.1.1).  Effect  of  4d  on  Pilot  Ratings  for 
In-Flight  and  Fixed-Base  Simulations  of  Reference  71; 
wd  -  1.78  -  1.90  rad/sec  (Category  B  Flight  Condition) 


sotrls* ;  abrupt  aileron  reveraals  with  coordinated  rudder;  and  rudder- 
fixed  and  -free  360  deg  bank  angle  rolla.  All  that  can  really  be  con¬ 
cluded  is  that  for  •  1.9  rad/sec,  a  Cd  of  0. 10  is  on  the  boundary 
between  Level  1  and  Level  2.  The  data  are  included  here  only  because 
they  were  used  in  the  MIL-F-8785B  BIUG  (Reference  11)  to  support  the 
dutch  roll  requirements. 

Equally  ambiguous  data,  obtained  from  Reference  72,  are  presented  in 
Figure  2  (reproduced  from  Reference  11).  The  flight  test  program  of 
Reference  72,  performed  in  an  F4U-5  airplane,  included  both  Category  A 
and  B  type  tasks:  release  from  a  steady  sideslip;  entry  into  and 

recovery  from  a  45  deg  banked  turn  and  a  standard  rate  turn  (in  simu¬ 
lated  instrument  flight);  and  "tracking  of  any  available  target  in 
approximately  level  flight.”  Therefore,  Figure  2  includes  the  Level  1 
boundaries  for  both  Category  A  and  B  Flight  Phases  from  Table  1.  It  is 
clear  that  the  ratings  given  support  the  Category  B  boundary  quite  well, 
but  do  not  show  support  for  the  Category  A  boundary.  But,  again,  this 
is  probably  more  a  consequence  of  the  test  maneuvers  than  of  the  boun¬ 
daries. 

Fixed-base  simulator  data  from  Reference  73  (Figure  3,  reproduced 
from  Reference  11)  are  again  more  supportive  of  the  Category  B  boun¬ 
daries.  Tasks  included  entry  to  and  exit  from  a  standard  rate  turn; 
abrupt  directional  kicks  and  releases;  ±60  and  ±90  deg  rolls;  and  abrupt 
rolls  at  elevated  load  factors  (3-4  g) .  (Not  surprisingly,  the  latter 
maneuvers  added  little  to  the  pilots'  evaluations,  since  the  tests  were 
conducted  in  a  fixed-base  simulator.) 

Figure  4  shows  data  from  the  fixed-base  simulations  of  Reference  74. 
Based  upon  the  reentry  mission  simulated,  and  upon  the  specific  maneu¬ 
vers  performed,  Che  data  should  be  considered  applicable  to  the  Category 
B  Flight  Phases.  As  stated  in  Reference  74,  "The  overall  mission  was 
described  as  the  re-entry,  descent  and  landing  of  a  re-entry  vehicle. 
In  particular,  each  pilot  was  told  that  this  mission  did  not  require 
high  maneuverability  but  did  require  fairly  precise  control  of  atti¬ 
tude."  Tasks  Included  straight  flight,  turning  fight  with  shallow  and 
steeply  banked  turns  of  up  to  60  deg  bank  angle,  and  tracking  of  roll 
«nd  sideslip  random  Inputs  and  minimizing  pitch  disturbances. 
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It  is  not  clear  from  Reference  74  if  the  pitch  disturbances  occurred 
simultaneously  with  the  lateral-directional  random  Inputs,  but  it  Is 
possible  that  this  could  have  affected  pilot  ratings. 

The  data  of  Figure  4a  fit  the  Table  1  criteria  quite  well  if  the 
Level  1  limits  are  taken  for  Category  A,  and  Class  IV  aircraft. 

Reference  74  provides  data  for  evaluating  the  additional  damping 

2 

requirements  of  Table  1.  A  A^Wj  is  specified  when  the  product  (qj)4/0ld 

is  greater  than  2G  (rad/sec)2.  The  effects  of  this  on  the  boundaries 

can  be  seen  by  comparing  Figures  4a  through  4d  for  increasing  values  of 
2 

u>~j 1 4/B Id*  The  data  of  Figures  4b,  4c  and  4d  correlate  well  with  the 

2 

boundaries  drawn.  It  should  be  noted,  however,  that  the  high  1 4/ 3 1 d 
data  correlate  just  as  well  with  the  basic  boundaries  of  Figure  4a. 
More  data  would  be  desirable  to  validate  this  requirement. 

Data  from  Reference  48  for  fixed-base  and  in-flight  simulations 

using  the  USAF/Calspan  T-33  are  presented  in  Figures  5  and  6.  Only 

those  configurations  for  which  the  pitch,  roll,  and  spiral  characteris- 

tics  were  Level  1,  and  for  which  was  between  about  0.8  and  0.12 

are  plotted.  [Multiple  ratings  in  Figures  5  and  6  are  in  some  cases  due 

to  differing  values  of  (w^/w^)2;  in  general,  the  best  ratings  shown  for 

any  data  point  are  for  (u^/ud)^  4  1.0.]  The  tasks  of  Reference  48  are 

clearly  Category  B,  i.e.,  a  reentry  vehicle  flown  in  straight  flight  and 

turning  flight  with  shallow  (±30  deg  bank  angle)  and  medium  (±60  deg) 

banked  turns,  and  rolling  turns  of  up  to  180  deg  bank.  Additionally, 

the  maneuvers  were  performed  while  a  random  noise  signal  was  fed  to  the 

elevator,  aileron  and  rudder  actuators.  These  noise  effects  caused 

pilot  rating  degradations  of  0  to  1-1/2  rating  points.  The  data  of 

2 

Figure  5  (for  low  values  of  the  parameter  ^14/6^)  support  the  Category 

2 

B  Level  1  damping  boundary.  Data  for  large  values  of  0^14/8^  are  shown 

in  somewhat  different  form  (Figure  6).  Only  one  configuration  [the 

2 

in-flight  simulation  with  Cd^d  “  0*17  rad/sec,  (1)^14/$!^  »  29.4  (rad/ 

sec)4]  shows  support  for  increasing  the  damping  requirements  as 
2 

<0^14/8 Id  increases.  All  other  data  fit  the  basic  requirement  (Cdud  ^ 
0.13  rad/sec  for  Level  1). 


Figure  6  (3.6. 1.1.1).  Dutch  Roll  Data  (From  Reference  48;  High 

Flight-test  data  of  Reference  39,  again  simulating  entry  vehicles 
(and  using  the  same  maneuvers  as  for  Reference  48),  are  presented  in 
Figures  7  and  8.  Figure  7  includes  all  applicable  data  from  Refer¬ 
ence  39  (i.e.,  those  data  for  which  £  ,  w  ,  and  tr  are  bevel  1, 

o  2 

and  /w^)*  *  1].  The  low  pilot  ratings  for  cases  with  low  toj  |  <f>/0 1^ 

may  be  due  to  variations  in  other  parameters  (e.g.,  roll  control  effec¬ 
tiveness)  rather  than  to  dutch  roll  characteristics.  Most  of  the  data 

2 

in  Figure  7  fit  the  boundaries  (drawn  for  low  u(j|$/B|(j)  quite  well.  The 
2 

high  <*i<jl4>/8ld  data  are  reproduced  in  Figure  8  (excluding  the  cases  that 

are  Level  2/3  based  on  the  boundaries  of  Figure  7).  The  points  that  lie 
2  7 

at  wd|(j)/g|^  >  79  (rad/sec)4  indicate  support  for  the  Table  1 

2 

requirements.  However,  two  points  at  5^10  ^  "  0.4-0. 5  and  1 4* / S |  j  "  53- 

54  (PR  «  3)  suggest  that  the  boundaries  may  need  refinement. 

Applicable  data  points  from  the  in-flight  simulation  of  Reference  46 
are  shown  in  Figure  9.  The  maneuvers  included  straight  and  turning 
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Figure  9  (3.6. 1.1.1).  Dutch  Roll  Data  From  In-Flight 
Simulation  of  Reference  46 


flight,  as  well  as  a  bank  angle  command  tracking  task  and  flight  with 
artificial  disturbances.  Many  of  the  points  that  lie  in  the  Level  2-to- 
3  region  on  Figure  9  do  not  support  the  boundaries. 

Summarizing  the  Category  A/B  data  presented,  there  appears  to  be  a 

2 

definite  trend  of  increased  rating  with  increasing  I |<j •  However, 
the  Cd  u>d  ■  0. 15  points  show  a  scarcity  of  good  data  for  Category  A 
Flight  Phases,  especially  at  low  values  of  While  the  Level  2 

and  3  boundaries  are  reasonably  well  supported  by  pilot  ratings,  some 
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contradictions  exist  concerning  the  value  of  the  supplemental  A£d<«>d 
2  2 

requirement  for  (O^l^/Pld  >  ^ 0  (rad/sec)  .  Some  in-flight  and  fixed-base 
simulation  data  strongly  support  it,  while  other  data  strongly  refute 
it.  (The  origins  of  this  requirement  will  be  discussed  shortly,  after 
analysis  of  available  Category  C  data.) 

2.  Category  C 

The  most  complete  set  of  data  available  for  Category  C  Flight  Phases 
comes  from  Reference  76.  The  flight  test  program  utilized  a  variable- 
stability  F-86E  with  seven  evaluation  pilots.  Details  of  the  task  are 
unknown;  though  the  test  flight  conditions  were  10,000  ft  altitude  at 
170  KEAS,  Reference  76  states  that  "Ratings  were  given  for  the  landing- 
approach  condition  only."  Ratings  were  based  on  controls-f ixed  charac¬ 
teristics,  and  handling  qualities  in  smooth  and  simulated  rough  air. 
The  rough  air  "corresponded  to  pilot  A's  impression  of  moderate  to  heavy 

turbulence."  Aileron  yaw  (Nj  )  was  optimized  by  the  pilots  for  each 

dS 

condition.  Data  are  presented  in  Reference  76  in  terms  of  oscillation 
period  and  time  and  cycles  to  half  (or  double)  amplitude.  These  have 
been  converted  to  equivalent  dutch  roll  damping  ratio  and  frequency  for 
presentation  in  Figures  10  and  11.  The  spiral  and  roll  modes,  however, 
are  not  known,  and  may  have  influenced  the  values  of  1/ti/2  an<*  *^1/2 
reported  in  Reference  76.  The  subscript  "equiv"  is  added  to  Gd  and 
in  Figures  10  and  11  to  indicate  that  the  equivalent  value  may  include 
spiral  and  roll  mode  effects. 

The  low  a>d  datu  of  Reference  76  are  plotted  in  Figure  10  and  are 

seen  to  correlate  with  the  Table  1  boundaries  quite  well.  The  few  data 

points  with  large  | d>/0 1 ^  generally  show  a  degradation  in  pilot  rating. 

2 

However,  the  high-wd  data  (Figure  11),  for  which  the  parameter  n>d I ♦/Plj 
is  large,  do  not  show  this  degradation.  In  fact,  these  data  strongly 
support  the  basic  damping  requirements  of  Table  1. 

Power  approach  tests  conducted  with  tha  Princeton  variable  stabilty 
Navion  (Reference  68)  also  show  limited  support  for  the  Category  C 
requirements,  Figure  12. 
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In  Che  flight  program  of  Reference  69,  Che  USAF/Calspan  T-33  was 
flown  as  a  medium-weight  Class  II  airplane.  Cooper-Harper  racings  for 
N$as  s  0  (Figure  13)  support  the  boundaries  for  Cd,  though  the  Level  2 
limit  could  possibly  be  relaxed;  but  there  are  no  data  for  ug  <  1.0  rad/ 
sec,  and  the  few  low-frequency  points  suggest  that,  for  Level  1, 
u^in  *  1.0  rad/sec  might  be  more  appropriate.  But  there  is  too  little 
data  to  justify  an  increase  in  “dmin  from  0.4  to  1.0  rad/sec  for 
Class  II-L  airplanes.  These  data  show  a  dramatic  effect  of  turbulence 
on  pilot  rating  (see  *  in  Figure  13).  This  could  be  evidence  of  the 
fact  that  turbulence  is  a  dominant  factor  in  setting  limits  on  cd. 
Future  experiments  should  concentrate  on  this  area.  Additionally,  any 
compliance  demonstration  should  Include  moderate  turbulence. 

The  Category  C  frequency  and  damping  ratio  boundaries  for  Class  III 
airplanes  are  supported  by  moving-base  simuator  data  from  Reference  77 
(Figure  14).  Evaluation  tasks  consisted  of  turn  entries  and  recoveries, 
roll  reversals,  sideslips,  and  dutch  roll  oscillations;  instrument 
approaches;  and  Instrument  approaches  with  lateral  offsets.  Similar 
tests  were  flown  on  a  variable-stability  B-367-80  transport  (including 
landing).  While  detailed  data  are  not  reported  in  Reference  77  for  the 
flight  tests,  pilot  ratings  for  a  similar  range  of  cd,  (i)d,  and  (w^/u>d)2 
show  general  agreement  with  the  simulator  data  (Figure  13).  A  major 
difference  is  the  apparent  insensitivity  to  (<D^/n>d)2  in  flight  tests. 

From  the  preceding  review  of  available  Category  C  data,  it  is  clear 
that  there  is  a  lack  of  good,  solid  data;  that  few  tests  include  touch¬ 
down  and  landing  as  a  task;  but  that,  as  for  Categories  A  and  B,  there 
is  some  mild  support  for  the  boundaries  as  they  exist.  If  the  Table  1 
limits  are  to  be  refined  or  developed  to  be  consistent  and  valid,  much 
more  testing  is  necessary. 

3.  Effect  of 

The  criterion  first  proposed  in  Reference  62,  in  which  the  value  of 
Cd<»d  required  to  maintain  a  given  pilot  rating  is  made  a  function  of 
u>di$/Bld  (Figure  16),  has  been  retained  in  the  lateral-directional 
oscillatory  requirements  of  Table  1.  It  can  be  seen  that  uyj|$/Bld  is 
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Figure  13  (3»6.1«1.1)»  Dutch  Roll  Data  from  In-Flight 
Simulation  of  Class  II-L  Airplanes  in  Landing 
Approach  (T-33;  Reference  69) 
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Figure  14  (3. 6. 1.1.1).  Dutch  Roll  Data  From  Moving-Base 
Simulator  Tests  of  Reference  77 
(Supersonic  Transport) 
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Figure 


15  (3.6. 1.1.1).  Variation  of  Pilot  Rating  with  u>^/u <j 
for  Moving-Base  Simulator  and  Flight  Data 
Cj  *  0.15  (Reference  77) 
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Figure  16  (3.6«  1. 1. 1)-  Ai;a>/&(u>j  |$/f5  Ij)  Required  to  Maintain  a  Given 

Basic  Rating  (From  Reference  69),  Based  Upon  Data  of 
Figures  17  and  18 
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analogous  to  |$/£ |d.  The  data  upon  which  the  curve  of  Figure  16  la 
based  are  from  Reference  78  and  are  presented  In  Figures  17  and  18. 

Due  In  part  to  the  lack  of  agreement  between  more  recent  test  data 
2 

and  the  a'd  I ♦/S I requirements,  the  basis  for  these  requirements  will  be 

reviewed  here.  The  Ac^rn^  requirements  of  Table  1  were  determined  from 

rudder  kicks,  and  the  dutch  roll  requirement  specifies  a  yaw  disturbance 

input;  but  the  bulk  of  existing  test  data  presented  in  support  of  the 

Table  1  requirements  comes  from  closed-loop  tasks.  Most  of  these  data 

do  not  show  very  strong  support  for  the  Atdud  requirement  (e«g>. 

Figures  6,  8,  9,  10,  and  11).  In  fact,  for  the  more  than  100  data 

2 

points  shown  in  Figures  4  through  11  with  wd|$/8|d  >  20,  correlation 
with  either  the  basic  Cd<i»d  or  additional  Acdwd  requirement  Is  almost 
Identical  --  about  60  percent  •  The  big  difference  is  that  of  the  pilot 
ratings  that  do  not  correlate,  50  percent  are  better  than  the  basic 
requirement  and  80  percent  better  than  the  A^w^  requirement.  (That  is, 
either  criterion  will  generally  predict  flying  qualities  at  the  same 
confidence  level,  but  the  A^Wj  requirement  is  —  obviously  —  the  more 
conservative-) 

It  has  long  been  recognized  that  pilot  acceptance  of  dutch  roll 
oscillations  is  Influenced  by  |$/Bld,  and  it  Is  for  this  reason  that  the 
Atdwd  reclulrements  have  been  retained.  However,  the  inconsistency  of 
the  supporting  data  should  serve  as  a  reminder  that  this  is  far  from  the 
best  method  of  dealing  with  aircraft  with  large  |$/6|d  ratios.  But  so 
far  nothing  better  has  been  suggested. 

H.  LESSORS  LEARNED 

Figure  19  illustrates  the  range  of  dutch  roll  damping  and  frequency 
found  on  some  existing  airplanes  (Reference  79).  Airplanes  include  the 
B-52,  B-58,  B-70,  C-130,  C-141,  C-5A,  F-104,  F-105,  F-4D,  A-7D,  F-lll, 
Boeing  707-300,  720B,  727,  and  an  SST  design.  The  symbols  shown  are  for 
several  different  flight  conditions. 

Characteristics  for  the  Lockheed  C-5A,  C-141A,  YC-141B,  and  L-1011 
(Reference  14)  are  plotted  in  Figure  20  for  the  Category  B  Flight  Phase 


SATISFACTORY 


Figure  17  (3. 6. 1.1.1).  Dutch  Roll  Data  From  Control s-Fixed  Rudder 
Kicks  of  Reference  78  Compared  to  Limits  of  Table  1 
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Figure  18  (3. 6. 1.1.1).  Data  Upon  Which  Relation  of  Figure  16  Are 
Based  (Control s-Fixed  Rudder  Kicks,  Reference  78;  Figure 
Reproduced  From  Reference  62) 
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Figure  20  (3. 6. 1,1.1).  Lateral  Directional  Damping  for  Some 
Class  III  Airplanes  (From  Reference  14) 
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wich  yaw  damper  inoperative*  The  L-1011  meets  the  minimum  requirements 
for  Level  2  operation,  while  the  C-5A,  C-141A,  and  YC-141B  all  fail  the 
Level  2  damping  requirements*  Reference  14  discusses  these  results  for 
the  C-141A  and  C-5A: 

An  evaluation  of  the  C-141A  dutch- roll  recovery  techniques 
with  the  yaw  damper  Inoperative  was  conducted  by  the  Air 
Force  Flight  Test  Center  in  February  1977.  Results  of  the 
tests  ["C-141A  Dutch  Roll  Recovery,"  AFFTC  Technical  Letter 
Report,  by  Picha  and  Klein]  show  Harper-Cooper  rating  values 
ranging  from  2.0  to  5.0,  using  aileron  only  for  recovery, 
which  is  the  recommended  Flight  Handbook  procedure.  Over 
100  dutch-roll  maneuvers  were  accomplished  during  the  evalu¬ 
ation,  which  consisted  of  regaining  control  of  the  aircraft 
and  returning  to  a  wings-level  attitude  from  bank  angles  as 
high  as  ±45  degrees .  It  should  also  be  noted  that  evaluat¬ 
ing  pilots  do  not  rate  operation  of  the  C-5A  with  the  sta¬ 
bility  augmentation  system  off  below  [worse  than]  the 
suggested  Level  2  guidelines  (6.5  Harper-Cooper  rating 
scale).  These  data  strongly  indicate  that  the  Level  2  mini¬ 
mum  requirement  of  0.05  rad/sec  is  too  stringent. 

Comments  by  SPOs  on  the  application  of  dutch  roll  requirements  show 
the  opposite  trend:  minimum  allowable  values  of  Cd  have  been  increased 
for  some  current  airplanes.  Concern  also  was  raised  over  applicability 
of  the  dutch  roll  requirements  to  augmented  aircraft.  The  following 
table  summarizes  these  comments  for  specific  airplanes: 


F-16:  Parameters  in  this  section  are  not  easily 

applied  to  highly  augmented  aircraft. 

F-I5,  F-16,  C-I41:  4d  was  increased  to  0.30  for  Category  A. 

AMST,  B-l:  Values  for  5d  were  increased  on  AMST  for 

Level  1  Category  B  and  C  (0.08  to  0.20) 
and  Levels  2  and  3  (0.02  to  0.08);  the 
minimum  values  of  i»d  were  also  increased; 
a  requirement  that  addresses  higher  dyna¬ 
mic  modes  that  are  present  with  augmenta¬ 
tion  needs  to  be  defined. 
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3.6. 1.1.2  Steady-state  response 

A.  REASON  FOR  REQUIREMENT 


This  requirement  Is  Intended  to  provide  static  directional  stability 
for  reasonable  sideslip  angles. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.3.6,  3. 3. 6.1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 6. 1.1.2  Steady-state  response.  The  long-term  response  to  yaw- 
control-pedal  deflections  shall  have  the  following  characteristics: 


This  requirement  applies  to  yaw-control-induced  steady,  zero-yaw- 
rate  sideslips  with  the  airplane  trimmed  for  wlngs-level  straight 
flight,  at  sideslip  angles  up  to  those  produced  or  limited  by: 

a)  Full  yaw-control-pedal  deflection,  or 

b)  250  pounds  of  yaw-control-pedal  force,  or 

c)  Maximum  roll  control  or  surface  deflection, 

except  that  for  single-propeller-driven  airplanes  during  waveoff 
(go-around),  yaw-control-pedal  deflection  in  the  direction  opposite  to 
that  required  for  wlngs-level  straight  flight  need  not  be  considered 
beyond  the  deflection  for  a  10  deg  change  in  sideslip  from  the  wlngs- 
level  straight  flight  condition. 

Right  yaw-control-pedal  force  shall  produce  left  sideslips  and  left 
yaw-control-pedal  force  shall  produce  right  sideslips.  For  Levels  1 
and  2  the  following  requirements  shall  apply.  The  variation  of  sideslip 
angle  with  yaw-control-pedal  force  shall  be  essentially  linear  for  side¬ 
slip  angles  between  _  degrees  and  _  degrees.  For  larger  sideslip 

angles,  an  increase  in  yaw-control-pedal  force  shall  always  be  required 
for  an  increase  in  sideslip. 


Recommended  sideslip  angle  range  is  +15  deg  to  -15  deg 


D.  BATIOHALE  BEHIND  REQUIREMENT 


This  requirement  regulates  against  the  classical  rudder  lock  problem 
wherein  a  lightening  In  pedal  force  occurs  at  large  sideslip  angles  (see 
Reference  2).  Controls-free  static  directional  stability  for  small 
sideslip  angles  is  required  in  Paragraph  3. 6- 1 . 1 . 1  by  specifying  Wj 
greater  than  zero.  However,  there  is  no  provision  In  that  paragraph  for 
large-3  stability. 

E.  GUIDANCE  FOR  APPLICATION 

The  recommended  requirements  are  very  straightforward  In  interpreta¬ 
tion  and  application.  It  is  sensible  to  insure  static  stability  over 
the  range  of  sideslips  that  might  be  attained  In  normal  operation  and 
that  the  yaw  controls  operate  in  a  "normal"  manner.  A  requirement  for 
positive  rudder  deflection  gradients  with  3  both  provides  a  cue  to  the 
pilot  of  increasing  sideslip  and  prevents  conditions  of  rudder  lock 
(see,  e-g..  Reference  2). 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  at  trimmed  steady  sideslips  must  be  performed  with 
the  airplane  configured  for  most  aft  center  of  gravity.  Test  conditions 
should  cover  the  service  speed  range  at  the  minimum,  intermediate,  and 
maximum  operational  altitudes. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.6. 1.2  Yaw  axis  bandwidth  requirements 

3.6. 1.2.1  Bandwidth  requirements  for  .ugs-level  turn  mode 

A.  REASON  FOR  REQUIREMENT 

This  requirement  is  included  to  specify  the  response  characteristics 
of  aircraft  utilizing  direct  force  control  (DFC)  in  the  wings-level  turn 
mode.  This  mode  allows  changes  in  heading  to  occur  at  zero  bank  angle 
and  is  sometimes  referred  to  as  the  "Ay"  mode  (see,  for  example.  Refer¬ 
ence  229).  A  sketch  of  the  airplane  motions  and  a  summary  of  the  useful 
features  of  this  mode  are  given  below  (from  Reference  229): 


< 

t 

¥ 

< 

t 

•DIRECTIONAL  FLIGHT  PATH  CONTROL 

AT  ZERO  SIDESLIP  ANGLE 

•  SINGLE  VS  MULTI  AXIS  FLIGHT 

•  QUICKER  LINE  UPON  GROUND 

PATH  CORRECTIONS 

TARGETS 

•  QUICK  ft  PRECISE  10°  TO  20°  HEADING  •  SIMPLIFIED  TRACKING  OF  MOVING 

j  CHANGES 

GROUND  TARGETS  | 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.4.11 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.6. 1.2.1  Bandwidth  requirements  for  wings-level  turn  mode. 

a)  Dynamic  response  to  direct  force  control  (DFC)  input. 
The  bandwidth  of  the  open-loop  response  of  heading  or 
lateral  flight  path  angle  to  the  DFC  control  input 

shall  be  greater  than  _  for  Flight  Phase  _ . 

Turns  shall  occur  at  approximately  zero  sideslip  angle 
and  zero  bank  angle  when  using  the  DFC  controller. 

b)  Steady-state  response  to  direct  force  control  input. 

Maximum  DFC  control  inputs  shall  produce  at  least  _ . 


c)  Direct  force  control  forces  and  deflections.  Use  of 

the  primary  DFC  control  shall  not  require  use  of 
another  control  manipulator  to  meet  the  above  dynamic 
response  requirement*  The  controller  characteristics 
shall  meet  the  following  requirements:  _ • 

d)  Pilot  acceleration*  Abrupt,  large  DFC  inputs  shall 
not  produce  pilot  head  or  arm  motions  which  interfere 
with  task  performance.  Pilot  restraints  shall  not 
obstruct  his  normal  field  of  view  nor  interfere  with 
manipulation  of  any  cockpit  control  required  for  task 
performance* 

Recommended  values  (Part  a):  The  recommended  values  of  required 

bandwidth  depend  on  the  piloting  task  associated  with  certain  missions 
and  mission  phases  as  shown  in  Table  1* 


TABLE  1  (3.  6. 1.2.1) 

RECOMMENDED  BANDWIDTH  LIMITS  FOR 
WINGS -LEVEL  TURN  MODE 


TASK 

REQUIRED  BANDWIDTH 
(rad/sec) 

LEVEL  1 

LEVEL  2 

Tracking  (Cat.  A) 

Air-to-air  gunnery 
Strafing 

Dive  bombing 

1.25 

0.60 

Path  Deviation  (Cat.  C) 

Formation 

Air-to-air  refueling 
Approach 

0.30 

0.12 

The  parameters  subject  to  the  bandwidth  limitation  in  Table  1  are  given 
in  Table  2. 
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TABLE  2  (3.6. 1.2.1) 


AIRCRAFT  PARAMETERS  SUBJECT  TO  BANDWIDTH  LIMITATION 
FOR  WINGS -LEVEL  TURN  MODE 


TASK 

CONTROL  VARIABLE 

Air-to-air  tracking 

Heading  angle  if  sideslip  is  not  an 
Important  factor  for  weapon  release 

Lateral  path  angle  if  sideslip  must 
be  small  for  weapon  release 

Air-to-air  tracking 

Pointing  tasks 
Strafing 

Heading  angle 

Flight  path  tasks 

Dive  bombing 

Lateral  path  angle,  or  lateral  velo¬ 
city 

Recommended  valuea  (Part  b): 

Air-to-air:  ±2.5  g  lateral 
Air-to-ground:  ±1.0  g  lateral 
Cat.  C  tasks:  ±0.5  g  lateral 

Recommended  values  (Part  c):  When  the  rudder  pedals  are  to  be  used 
as  the  direct  force  controller,  the  requirements  of  3.6.6  may  be  used  as 
a  guide.  If  a  special-purpose  controller  such  as  a  thumb  switch  or 
lever  is  to  be  used,  acceptable  characteristics  should  be  determined  in 
flight  test. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  bandwidth  criterion  used  in  this  requirement  makes  the  funda¬ 
mental  assumption  that  the  primary  factor  in  the  pilot's  evaluation  of  a 
DFC  mode  is  his  ability  to  exert  tight  control  to  minimize  errors  and 
thereby  achieve  improved  closed-loop  tracking  performance.  The  cri¬ 
terion  originated  from  an  old  and  well-accepted  idea  —  namely,  that  a 
measure  of  the  handling  qualities  of  an  airplane  is  its  response  charac¬ 
teristics  when  operated  in  a  closed-loop  compensatory  tracking  task. 
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The  "bandwidth"  (u>gW)  is  a  measure  of  the  maximum  frequency  at  which 
such  closed-loop  tracking  can  take  place  without  threatening  stabil¬ 
ity*  It  follows  that  airplanes  capable  of  operating  at  a  large  value  of 
bandwidth  will  have  superior  performance.  An  implicit  characteristic  of 
the  requirement  is  that  inter-axis  coupling  or  contamination,  regardless 
of  type  or  source,  affects  the  pilot  opinion  only  insofar  as  it  affects 
the  bandwidth.  This  is  a  highly  desirable  feature  because  the  very 
large  varieties  of  coupling  that  can  occur  would  make  it  virtually 
impossible  to  classify  and  set  limits  on  each  type. 

The  bandwidth  criterion  was  also  used  to  set  limits  on  pitch  atti¬ 
tude  dynamics  in  Paragraph  3. 2.1.2. 

For  additional  background  on  the  use  of  bandwidth  as  a  criterion  for 
direct  force  control  (DFC)  modes  the  reader  is  referred  to  References 
115,  230,  and  231. 

E.  GUIDANCE  FOR  APPLICATION 

1.  Definition  of  Bandwdith 


The  bandwidth  frequency,  u>gW,  to  be  used  in  Table  1  is  defined  from 
the  open-loop  frequency  response  plot  of  heading  or  lateral  flight  path 
angle  to  cockpit  direct  force  control  input  (i.e.,  or  */FDFC)* 
Specifically,  it  is  the  frequency  at  which  either  the  phase  margin  is 
45  deg  or  the  gain  margin  is  6  dB,  whichever  is  lower  (Figure  1).  In 
order  to  apply  this  definition,  first  determine  the  frequency  for  neu¬ 
tral  stability  from  the  phase  portion  of  the  Bode  plot  (u^go)*  The  next 
step  is  to  note  the  frequency  at  which  the  phase  margin  is  45  deg.  This 
is  the  bandwidth  frequency  defined  by  phase,  “BWpj^gg*  Finally,  note 
the  amplitude  corresponding  to  u>jgQ  and  subtract  6  dB.  The  frequency  at 
which  this  value  occurs  on  the  amplitude  curve  is  “BWggj^*  The  hand- 
width,  wgy,  is  the  lesser  of  “BWphase  and  “BWgaln*  M  “BW  -  “BW^gg. 
the  system  is  said  to  be  phase-margin  limited.  On  the  other  hand. 


if  u>BW  -  “BWgain»  the  system  is  gain-margin  limited;  that  is,  the  air¬ 
craft  is  driven  to  neutral  stability  when  the  pilot  Increases  his  gain 


by  6  dB  (a  factor  of  2).  Gain-margin-limited  aircraft  may  have  a  great 


deal  of  phase  margin,  4^,  but  Increasing  the  gain  slightly  causes  ^  to 
decrease  rapidly*  Such  systems  are  characterized  by  frequency  response 
amplitude  plots  that  are  flat,  combined  with  phase  plots  that  roll  off 
rapidly,  such  as  shown  In  Figure  1* 

2.  Control  Sensitivity 

Some  guidance  regarding  DFC  control  sensitivity  may  be  found  In  the 
Reference  115  flight  tests  of  the  wings-level  turn  mode.  The  in-flight 
simulator  was  set  up  so  that  DFC  control  sensitivity  could  be  varied. 
The  pilots  were  asked  to  vary  the  control  sensitivity  of  each  new  con¬ 
figuration  to  determine  the  optimum  value,  thereby  eliminating  it  as  a 
variable  in  the  problem.  It  was  found  that  the  pilot  ratings  were  not 
dependent  on  small  variations  in  control  sensitivity  for  either  un¬ 
coupled  or  adversely  coupled  configurations. 

The  acceptability  of  configurations  with  large  values  of  favorable 
yaw  or  roll  coupling  tended  to  be  significantly  more  dependent  on  con¬ 
trol  sensitivity.  This  is  shown  by  comparing  Figure  3  for  high  favor¬ 
able  yaw  coupling  and  Figure  4  for  very  high  favorable  roll  coupling 
with  Figure  2  for  low  coupling.  It  is  interesting  to  note  that  the 
nominal  value  of  control  sensitivity  used  for  the  latter  case 
(0.008  g/lb)  was  found  to  be  unacceptably  high  for  the  favorable 
coupling  cases.  The  scatter  in  the  data  shown  in  Figure  4  is  primarily 
due  to  pilot  MP.  In  order  to  help  explain  why  MP's  ratings  are  higher 
than  those  of  the  other  pilots,  his  comments  have  been  annotated  near 
the  appropriate  data  points  in  Figure  4.  It  is  clear  that  his  poor 
ratings  are  based  on  his  fundamental  objection  to  utilizing  roll 
coupling  to  improve  tracking  bandwidth,  although  his  comments  for  the 
lowest  sensitivity  case  indicate  that  adequate  performance  could  be 
obtained  in  this  mode.  One  interpretation  is  that  pilot  MP's  rating  of 
5  was  given  to  discourage  intentional  design  of  proverse  roll  coupling 
to  improve  tracking  bandwidth.  Hence,  even  though  large  values  of 
favorable  roll  coupling  may  be  inferred  as  acceptable  to  produce  Level  1 
flying  qualities,  the  designer  is  cautioned  against  using  such  coupling 
to  overcome  an  inherently  low  bandwidth.  This  is  especially  pertinent 
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Figure  2  (3. 6. 1.2.1).  Effect  of  DEC  Manipulator  Sensitivity 
Configuration  WLT1  (Very  Low  Coupling) 

(From  Reference  115) 


Figure  3  (3. 6. 1.2.1).  Effect  of  DFC  Manipulator  Sensitivity 
Configuration  WLT5  (High  Favorable  Yaw  Coupling) 

(From  Reference  115) 
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Figure  4  (3.6. 1.2.1).  Effect  of  DFC  Manipulator  Sensitivity 
Configuration  WLT12  (Very  High  Favorable  Roll  Coupling) 
(from  Reference  115) 


for  configurations  where  the  pilot  was  farther  from  the  roll  axis  (than 
in  the  Navion)  and  therefore  subject  to  more  roll-induced  lateral  accel¬ 
eration. 

F.  DEMONSTRATION  OF  COMPLIANCE 

A  discussion  of  Fast  Fourier  Transform  procedures  that  can  be  used 
to  generate  frequency  response  (Bode)  plots  from  flight  test  or  simu¬ 
lator  data  is  given  in  "Demonstration  of  Compliance"  for  Para.  3. 2. 1.1. 
Once  the  Bode  plots  of  heading  or  lateral  flight  path  angle  to  DFC  input 
are  obtained  it  is  a  simple  matter  to  determine  the  bandwidth  as  shown 
in  Figure  1. 
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Cooper-Harper  Pilot  Ratings 


Parc  (d)  can  only  be  determined  In  flight  test,  since  the  necessary 
combination  of  visual  and  lateral  acceleration  cues  cannot  be  obtained 
in  a  ground-based  simulator* 

6.  SUPPORTING  DATA 

The  variable-stability  flight  test  experiment  of  Reference  115  pro¬ 
vides  supporting  data,  for  both  limiting  values  of  bandwidth  and  valid¬ 
ity  of  bandwidth  as  a  criterion  for  DFC  modes. 

The  Cooper-Harper  pilot  ratings  from  the  Reference  115  experiment 
are  plotted  versus  heading  bandwidth  in  Figure  5  for  the  air-to-air 
tracking  task  using  the  wings-level  turn  mode.  The  open  symbols  in 
Figure  5  indicate  that  variations  in  heading  bandwidth  were  achieved  via 
yaw  coupling.  That  is,  the  crossfeed  gain  from  DFC  control  (pedal)  to 
the  rudder  was  increased  above  its  nominal  value  to  achieve  favorable 
yaw  coupling  and  reduced  below  its  nominal  value  to  achieve  unfavorable 
yaw  coupling.  The  closed  symbols  in  Figure  5  indicate  that  the  heading 
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Figure  5  (3. 6. 1.2.1).  Correlation  of  Pilot  Ratings  with  Heading 
Bandwidth;  Wings-Level  Turn  Mode;  Air-to-Air  Tracking  Task 
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bandwidth  was  varied  via  changes  In  roll  coupling,  l.e.,  the  DFC  control 
to  aileron  gain*  To  the  pilot,  favorable  yaw  coupling  appears  as  a 
tendency  for  the  nose  to  abruptly  move  In  the  direction  of  the  commanded 
turn,  whereas  unfavorable  yaw  coupling  appears  as  a  tendency  for  the 
nose  Initially  to  swing  away  from  the  commanded  turn*  When  flying  a 
configuration  with  favorable  roll  coupling,  the  pilot  will  observe  a 
tendency  for  the  aircraft  to  roll  in  the  direction  of  the  commanded 
wings-level  turn,  thereby  inq>roving  the  basic  response  characteristics 
(provided  roll  is  not  too  large).  Finally,  adverse  roll  coupling 
appears  to  the  pilot  as  a  tendency  for  the  aircraft  to  bank  away  from 
the  commanded  wings-level  turn.  The  validity  of  bandwidth  as  a  cri¬ 
terion  for  DFC  is  supported  by  the  following  observations  from  Figure  5: 

•  The  pilot  rating  for  Configurations  WLT4  and 
WLT15  (adverse  yaw  coupling)  are  approximately 
the  same  as  the  pilot  rating  for  Configuration 
WLT13  (adverse  roll  coupling).  As  can  be  seen 
from  Figure  5,  all  of  these  configurations  have 
approximately  the  same  heading  bandwidth  of 
between  0.7  and  0.8  rad/sec. 

•  Configuration  WLT3  (slight  adverse  yaw  coupling) 
has  approximately  the  same  pilot  rating  as  Con¬ 
figuration  WLT14  (slight  adverse  roll  coupling). 

The  bandwidths  of  these  configurations  are  both 
approximately  1.1  rad/sec. 

•  Configurations  WLT10  and  WLT12  have  significant 
favorable  roll  coupling  and  correspondingly  high 
values  of  heading  bandwidth.  Configuration  WLT5 
also  has  a  large  value  of  heading  bandwidth 
(4.1  rad/sec)  by  virtue  of  its  highly  proverse 
yaw  coupling.  Figure  5  indicates  that  these 
configurations  are  all  rated  approximately  the 
same. 

The  above  examples  provide  strong  evidence  to  indicate  that  satis¬ 
factory  wings-level  turn  flying  qualities  depend  primarily  on  the 
ability  of  the  pilot  to  increase  his  tracking  bandwidth  to  some  estab¬ 
lished  level  by  tightening  up  on  the  controls. 

The  variable-stability  aircraft  was  the  Princeton  University  Navion, 
which  has  an  operational  speed  of  105  kt.  This  resulted  in  lateral 
accelerations  that  were  a  factor  of  5  lower  than  would  occur  at  typical 
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air  combac  speeds.  However,  recent  AFAMRL  centrifuge  data  (Reference 
240)  indicates  that  pilots  can  track  in  a  lateral  acceleration  environ¬ 
ment  of  2.5  g  when  properly  constrained.  Inasmuch  as  the  Navion  was 
limited  to  0.5  g,  it  appears  that  the  air-to-air  tasks  in  Reference  115 
represent  the  upper  limit  of  pilot  tolerance  to  lateral  accelerations. 

The  rating  data  in  Figure  5  indicate  that  even  the  best  wings-level 
turn  configurations  barely  meet  the  classical  definition  of  Level  1  fly¬ 
ing  qualities  (e.g.,  Cooper-Harper  pilot  rating  equal  to  or  better  than 
3-1/2).  However,  when  one  considers  that  the  task  involves  tracking  a 
target  undergoing  large  and  rapid  bank  angle  reversals,  it  is  difficult 
to  conceive  of  any  configuration  that  would  correspond  to  the  adjectival 
descriptions  of  a  pilot  rating  of  3  (i.e.,  "minimal  pilot  compensation 
required  for  desired  performance").  The  pilot  commentary  in  Reference 
115  indicates  that  the  WLT1  configuration  had  very  acceptable  flying 
qualities  and  that  the  desired  performance  in  tracking  was  "easily" 
attained  (but  apparently  involved  more  than  "minimal  compensation"). 
Hence,  the  inability  to  attain  average  pilot  ratings  better  than  3  is 
felt  to  be  attributable  not  to  the  configuration  but  rather  to  the 
difficulty  of  the  task  involved.  Pilot  ratings  of  2  for  the  wings-level 
turn  mode  were  obtained  in  Reference  232.  The  tracking  task  in  that 
case  was  a  ground  target  that  performed  a  discrete  step  change  in  posi¬ 
tion,  a  significantly  less  demanding  task  than  the  air-to-air  tracking 
utilized  in  Reference  115. 

The  use  of  secondary  controls  was  allowed  in  Reference  115.  That 
is,  the  pilots  were  specifically  instructed  to  utilize  the  centerstick 
to  improve  tracking  if  such  control  techniques  seemed  warranted.  This 
was  done  fot  consistency  with  the  real-world  situation  where  pilots 
might  well  use  the  wings-level  turn  mode  for  fine  tuning  and  the  basic 
aircraft  controls  for  gross  maneuvering.  Such  control  usage  was  found 
to  conform  to  the  pilot-centered  requirements  for  separation  of  con¬ 
trols,  i.e.,  only  one  control  can  be  utilized  at  the  primary  closed-loop 
frequency,  with  all  other  controls  limited  to  performing  trimming-like 
functions.  In  the  Reference  115  experiments,  the  pilots  utilized  the 
centerstick  any  time  it  appeared  as  if  the  target  bank  angle  was 
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excessively  large  to  the  point  where  the  DFC  side  force  generators  were 
approaching  their  limit*  Such  low-frequency  secondary  control  usage  was 
found  to  be  entirely  acceptable*  However,  attempts  to  utilize  the 
secondary  control  to  improve  the  tracking  bandwidth  of  the  primary  DFC 
control  were  unsuccessful* 

The  bandwidth  requirements  state*  for  the  path  deviation  task 
(Cat.  C  in  Table  1)  are  based  on  the  lateral  translation  mode  results 
given  in  Reference  115,  as  well  as  heading  control  results  obtained  for 
conventional  aircraft  in  previous  programs.  An  example  of  such  results 
is  shown  in  Figure  6,  taken  from  Reference  146.  Figure  6  indicates  that 
most  points  below  a  heading  bandwidth  of  0.3  rad/sec  are  Level  2  or 
worse.  For  lack  of  any  better  data,  the  Level  2  boundary  was  defined 
(from  Figure  6)  as  0.12  rad/sec. 


Figure  6  (3.6. 1.2.1).  Correlation  of  Pilot  Ratings  with  Heading 
Bandwidth  for  Conventional  Aircraft;  ILS  Approach  Task 


Part  (b)  of  the  requirement  relates  to  the  turn  rate  or  lateral 
acceleration  necessary  to  accomplish  the  desired  task.  Reference  230 
Indicated  that  ±1  lateral  g  was  sufficient  for  air-to-ground  and  Refer¬ 
ence  115  indicated  that  ±2.5  lateral  g  would  be  required  for  air  combat 
maneuvering.  Obviously,  some  form  of  lateral  pilot  restraint  will  be 
required.  As  mentioned  previously,  recent  results  from  the  AFAMRL 
centrifuge  (Reference  240)  have  indicated  that  a  restrained  pilot  can 
track  up  to  about  ±2.5  lateral  g. 

H.  LESSONS  LEARNED 

The  F-16  CCV  utilized  a  wings-level  turn  mode  (Reference  229)  with 
considerable  success.  Pilots  found  the  mode  particularly  useful  for 
air-to-ground  missions.  The  aircraft  was  capable  of  approximately 
±0.8  g,  and  at  least  one  pilot  reported  that  this  would  not  be  excessive 
providing  adequate  lateral  pilot  restraints  could  be  provided.  Two  DFC 
controllers  were  tried:  the  conventional  rudder  pedals  and  a  CCV  thumb 
button.  The  rudder  pedals  were  the  favored  controller  (see  Refer¬ 
ence  231). 
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Yaw  Axis  Response  to  Roll  Controller 


3. 6. 2.1  Coordination  In  turn  entry  and  exit 

3.6. 2. 1.1  Coordination  in  turn  entry  and  exit  —  requirement  1 


A.  REASON  FOR  REQUIREMENT 


This  requirement  is  intended  to  insure  that  the  yaw  control  needed 
to  coordinate  turns  is  not  objectionable  to  the  pilot.  It  uses  the 
value  of  sideslip  angle  that  accompanies  roll  control  inputs  as  the 
measure  of  acceptance.  An  alternate  requirement  is  presented  that 
places  limits  directly  on  the  rudder  pedal  required  for  turn  coordina¬ 
tion  (3. 6. 2. 1.2). 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.3. 2. 4,  3. 3. 2. 4.1 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 

3.6.2. 1.1  Coordination  in  turn  entry  and  exit  —  requirement  1. 
The  sideslip  excursions  to  step  roll  control  inputs  with  yaw  control 
free  shall  meet  the  following  criterion:  _ • 

Recommended  values : 


a.  The  amount  of  sideslip  following  a  yaw-control-free  (small 
input)  step  roll  control  command  should  be  within  the 
limits  as  shown  in  Figure  l  for  Levels  1  and  2.  This 
requirement  should  apply  for  step  roll  control  commands  up 
to  the  magnitude  that  causes  a  60  degree  bank  angle  change 
with  Tj  or  2  seconds,  whichever  is  longer. 

b.  Following  a  yaw-control-free  (large  input)  step  roll  con¬ 
trol  command,  the  ratio  of  the  sideslip  increment,  A0,  to 
the  parameter  k  (4.2.6)  should  be  less  than  the  values 
specified  herein.  The  roll  command  should  be  held  fixed 
until  the  bank  angle  has  changed  at  least  90  degrees. 
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LEVEL 

FLIGHT  PHASE 
CATEGORY 

ADVERSE  SIDESLIP 
(RIGHT  ROLL  COMMAND 
CAUSES  RIGHT  SIDESLIP) 

PROVERSE  SIDESLIP 
(LEFT  ROLL  COMMAND 
CAUSES  RIGHT  SIDESLIP) 

1 

A 

6  degrees 

2  degrees 

B  and  C 
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Figure  1  (3. 6. 2. 1.1).  Sideslip  Excursion  Limitations 


O.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  was  first  introduced  In  MIL-F-8785B.  The  following 
discussion  Is  reprinted  from  the  BIUG  for  that  document  (Reference  11). 

The  primary  source  of  data  from  which  the  sideslip  requirement 
evolved  Is  the  low  |$/0|d  (■  1.5)  configurations  of  Reference  46 
(Figure  2).  The  pilot  comments  associated  with  these  configurations 
indicated  that  the  pilots'  difficulties  were  almost  exclusively  asso¬ 
ciated  with  sideslip,  rather  than  with  bank  angle  tracking  as  was  the 
case  for  larger  |$/0ld  (*  6)  configurations. 
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Analysis  of  Che  data  revealed  chat  Che  amount  of  sideslip  thac  a 
pilot  will  accept  or  tolerate  is  a  strong  function  of  the  phase  angle  of 
the  dutch  roll  component  of  sideslip.  When  the  phase  angle  is  such  that 
3  is  primarily  adverse,  the  pilot  can  tolerate  quite  a  bit  of  side¬ 
slip.  On  the  other  hand,  when  the  phasing  is  such  that  3  is  primarily 
proverse,  the  pilot  can  only  tolerate  a  small  amount  of  sideslip  because 
of  difficulty  of  coordination. 

There  is  more  to  coordination,  however,  than  whether  the  sideslip  is 
adverse  or  proverse;  the  source  and  phasing  of  the  disturbing  yawing 
moment  also  significantly  affect  the  coordination  problem.  If  the 
yawing  moment  is  caused  by  aileron  and  is  in  the  adverse  sense,  then  in 
order  to  coordinate  the  pilot  must  phase  either  right  rudder  with  right 
aileron  or  left  rudder  with  left  aileron.  Since  pilots  find  this  tech¬ 
nique  natural  they  can  generally  coordinate  well  even  if  the  yawing 
moment  is  large.  If,  on  the  other  hand,  the  yawing  moment  is  in  the 
proverse  sense  or  is  caused  by  roll  rate,  coordination  is  far  more 
difficult.  For  proverse  yaw  due  to  aileron  the  pilot  must  cross 
control;  and  for  either  adverse  or  proverse  yaw  due  to  roll  rate, 
required  rudder  Inputs  must  be  proportional  to  roll  rate.  Pilots  find 
these  techniques  unnatural  and  difficult  to  perform.  Since  yawing 
moments  may  also  be  introduced  by  yaw  rate,  it  can  be  seen  that 
depending  on  the  magnitude  and  sense  of  the  various  yawing  moments, 
coordination  may  be  either  easy  or  extremely  difficult.  If  coordination 
is  sufficiently  difficult  that  pilots  cannot  be  expected  to  coordinate 
routinely,  the  flying  qualities  requirements  must  restrict  rudder- 
pedals-free  unwanted  motions  to  a  size  acceptable  to  pilots. 

Analysis  further  revealed  that  it  was  not  so  much  the  absolute 
magnitude  of  the  sideslip  that  bothered  the  pilot,  but  rather  the  maxi¬ 
mum  change  occurring  in  sideslip.  The  latter  was  a  better  measure  of 
the  amount  of  coordination  required.  Thus,  the  data  from  this  program 
were  plotted  in  Figure  3  as  the  maximum  change  in  sideslip  occurring 
during  a  rudder-pedals-fixed  rolling  maneuver,  A3,  versus  the  phase 
angle  of  the  dutch  roll  component  of  the  sideslip,  l^g.  (Note  that  the 
dutch  roll  damping  ratio  is  Level  2  for  the  data  of  Figure  3.) 
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Figure  3  (3.6.2. 1.1).  Flight  Phase  Category  A  Data 
from  Reference  46 


The  phase  angle,  <|»g,  is  a  measure  of  the  sense  of  the  initial  side¬ 
slip  response,  whether  adverse  or  proverse,  while  Ag  is  a  measure  of  the 
amplitude  of  the  sideslip  generated.  Both  the  sense  and  the  amplitude 
affect  the  coordination  problem. 

It  was  observed  from  examination  of  the  low  |$/g|d  data  plotted  on 
Figure  3  that  the  break  points  in  curves  of  iso-pilot  ratings  occurred 
at  almost  exactly  the  same  values  of  i|>g  as  for  the  moderate  |$/fJ|(j  con¬ 
figurations  (see  the  discussion  of  Paragraph  3. 5. 1.1.4),  even  though  the 
degradation  of  flying  qualities  was  due  to  sideslip  problems  with  the 
low  |$/g|d  configurations  and  to  bank  angle  problems  with  the  moderate 
l$/fMd  configurations.  Since  the  break  points  were  so  close,  and  since 
the  figures  describe  different  manifestations  of  the  same  phenomena,  the 
break  points  were  made  identical  for  both  the  low  |$/g|d  configurations 
(Ag  versus  and  moderate  |$/g|d  configurations  (Poac/pav  versus  4>g). 

The  sideslip  excursions  criteria  were  thus  presented  in  the  form 
shown  in  the  sketch  on  the  following  page. 
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a  turn  entry,  variation  of  A0  with  is  to  be  expected.  For  ; 

-180  deg  _<  ijig  _<  -260  deg,  coordination  may  be  effected,  that  is,  right 
rudder  pedal  for  right  rolls.  Thus,  even  if  large  sideslip  excursions 
occur  in  rudder-pedal-free  rolls  (the  condition  under  which  the  A0  tests 
are  conducted),  when  coordinating  in  the  normal  manner  sideslip  oscilla¬ 
tions  can  be  readily  minimized.  As  ljig  varies  from  -270  deg  to  -360  deg, 
coordination  becomes  increasingly  difficult,  and  in  the  range  -360  deg  < 

<  90  deg  cross  controlling  is  required  to  effect  coordination.  Since  j 

pilots  do  not  normally  cross  control  and,  if  they  must,  have  great  dif¬ 
ficulty  in  doing  so,  for  -360  deg  <  i|/g  <  -90  deg,  oscillations  in  side-  j 

p  l 

slip  either  go  unchecked  or  are  amplified  by  the  pilot's  efforts  to  j 

coordinate  with  rudder  pedals.  j 

1 

The  parameter  "k"  relates  the  amount  of  allowable  sideslips  to  the 
roll  performance  requirements.  Through  this  tie  to  roll  performance  1 

requirements,  the  effect  of  Class  and  some  of  the  effects  of  Flight 
Phase  and  Level  are  taken  into  consideration. 
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E.  GUIDANCE  FOR  APPLICATION 

While  A0  is  relatively  straightforward,  the  parameter  k  Is  a  func¬ 
tion  of  Flight  Phase,  airplane  Class,  speed  range,  and  actual  roll 
performance*  In  addition,  questions  arise  about  the  Influence  of  the 
yaw  controller,  since  the  roll  performance  requirements  of  3.5.9. 1  allow 
use  of  yaw  controls  In  some  Instances.  Therefore,  AfJ  Is  a  measure  of 
yaw-control-free  response,  and  k  is  a  measure  of  roll  response  with 
combined  roll  and  yaw  controls. 

Because  the  required  $t  values  of  3.5.9. 1  are  different  for 

Levels  1,  2,  and  3,  use  of  k  (<pr  , /<pr  .  )  has  in  the  past 

c command  ^requirement  r 

Involved  separate  values  of  $«-  .  for  comparison  with  the 

‘•requirement 

Level  1  boundary  and  with  the  Level  2  boundary  of  Af}/k.  The  supporting 
data  for  this  requirement  do  not  show  a  need  for  such  special  treatment: 
the  proper  value  of  $treqUireinent  t0  u8e  that  specified  in  3. 5.9. 1, 
and  the  proper  value  of  Q  ^  will  be  the  value  obtained  by  per¬ 
forming  the  tests  required  by  3. 5. 9.1.  For  example,  if  a  prototype 
Class  IV  airplane  in  Flight  Phase  CO  and  Speed  Range  M  is  required  to 
have  Level  1  roll  performance,  ^treqUirement  **  deg  in  1  sec,  and  this 


is  the  value  used  for  k,  no  matter  what  4>t 


command 


is.  Clearly,  since 


k  "  command ^t requirement ’  a  poor  ro11  performance  (1*e“  lar*e 

.)  will  increase  A0/k. 

*-  command  - 

As  a  result,  the  "correct"  way  to  compute  k  is  with  the  commanded 
and  required  values  obtained  from  3. 5. 9.1.  The  resulting  AfJ/k, 
whether  Level  1  or  not,  is  then  compared  to  the  requirements  of 
3.6.2. 1.1.  As  shown  in  "Supporting  Data"  and  "Lessons  Learned,"  this  is 
a  perfectly  adequate  way  to  define  the  parameters. 

The  need  for  a  requirement  limiting  yaw  response  to  roll  controller 
is  a  result  of  dutch  roll  excitation  for  airplanes  with  low  to  moderate 
|$/0ld.  If  is  large,  the  dutch  roll  will  be  most  noticeable  in 

roll  rate,  and  P08c/Pav  *8  the  important  criterion  (see  3.5.1,  "Roll 
Response  to  Roll  Controller."}.  In  general,  the  available  data  suggest 
that  Af5/k  Is  not  as  useful  as  P08c/Pav  when  1^/01^  >  3. 5-5.0  (see  "Sup¬ 
porting  Data"). 


Finally,  some  of  the  shortcomings  discussed  for  Posc/Pav  3.5.1 

are  relevant  here  as  well:  for  example.  If  the  spiral  mode  Is  diver¬ 
gent,  the  A3  response  will  be  heavily  Influenced  by  Ts.  Similarly,  for 
very  low  dutch  roll  frequencies,  the  step  roll  control  Inputs  must  be 
very  small  (see  Reference  59). 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  flight  testing  to  obtain  A3  and  ,  should  cover  the  range 

'-command 

of  operational  altitudes  and  service  speeds.  At  the  least,  testing 
should  be  performed  at  the  flight  conditions  corresponding  to  those  of 
3.5.1. 

G.  SUPPORTING  DATA 

As  was  discussed  in  "Rationale  Behind  Requirement,"  the  data  of 
Reference  46  were  the  basis  for  developing  the  sideslip  excursion 
requirements  of  MIL-F-8785B.  Figure  3  shows  the  data  as  presented  in 
Reference  11;  in  Figure  4,  these  data  are  compared  directly  to  the  AB/k 
versus  <|>g  requirements  of  Figure  1.* 

The  configurations  of  Reference  143  that  meet  Level  1  dutch  roll 
mode  and  Posc/pav  requirements  are  illustrated  in  Figure  5.  The  Cooper- 
Harper  pilot  ratings  generally  agree  with  the  Level  1  and  2  boun¬ 
daries.  Note  that  the  high  l^/Bl^  (=  5.0)  data  correlate  well  with  the 
boundaries.  However,  it  is  generally  true  that  larger  values  of  | ♦/ 3 1 ^ 
result  In  small  A8/k,  and  any  roll-yaw  coupling  problems  would  more 
likely  show  up  only  on  the  Posc/Pav  requirements  of  3.5.1. 


*The  values  of  <j/g  in  Figures  3  and  4  do  not  agree  for  all  data 
points*  The  and  A3/k  of  Figure  4  were  taken  from  Reference  59,  as 
was  much  of  the  data  used  in  the  following  figures.  No  attempt  has  been 
made  to  account  for  the  differences  in  ’I'g,  or  to  decide  which  is  the 
"correct"  set  of  data.  The  more  recent  data  (Figure  4)  result  in  a 
slightly  poorer  correlation  with  the  boundaries  than  the  earlier  data 
(Figure  3)  which  were  used  to  define  the  boundaries  in  the  first  place. 


Figure  4  (3.6.2. 1*1).  Flight  Phase  Category  A  Data  from  Reference  46 

(A6/k,  from  Reference  59) 
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Figure  5  (3.6. 2. 1.1).  Versus  'J'g  for  Evaluation  Points  That 

Meet  Level  1  Poac/pav  Criteria,  Category  A  Data 
(from  Reference  143) 


Figure  6  compares  relevant  Category  B  data  of  Reference  39  with  the 
boundaries  of  Figure  1.  Again,  only  those  data  for  which  Ts,  TR,  5^, 
u»d,  and  Posc/pav  are  all  Level  1  are  shown.  The  low-|$/8|d  of  Figure  6a 
were  used  in  the  MIL-F-8785B  BIUG  (Reference  11)  to  develop  the  Cate¬ 
gory  B  boundaries.  Figure  6b  shows  high-|$/8|d  data;  clearly,  when 
|$/8|d  la  large,  sideslip  excursions  are  not  a  problem. 

Category  C  data  from  Reference  44  (also  utilized  in  the  8785B  BIUG 
to  define  the  Category  C  limits)  are  given  in  Figure  7.  The  few  data 
points  above  the  Level  1  boundary  do  not  show  very  good  correlation. 

Figure  8  shows  data  from  Reference  69,  and  again  correlation  is 
poor:  configurations  in  the  Level  2  to  3  regions  received  Cooper-Harper 
ratings  of  2,  2.5,  and  3. 

In  summary,  the  supporting  data  for  A6/k  versus  i|>g  appear  to  show  a 
need  for  such  a  criterion  for  Category  A  Flight  Phases;  however,  for 
Categories  B  and  C,  other  lateral-directional  requirements  serve  well  to 
define  acceptable  flying  qualities.  For  1 4>/3 1 ^  above  some  nominal 
value  (*■  5.0),  Af$/k  adds  little  to  the  specification  of  flying  quali¬ 
ties,  and  Posc/pav  is  the  important  parameter. 

As  with  the  roll  rate  oscillation  requirements  of  3.5. 1.1.4,  the 
sideslip  requirements  of  Figure  1  are  applicable  for  small  Inputs  only. 
In  order  to  be  able  to  test  for  large  control  inputs,  an  additional  but 
more  lenient  requirement  has  been  specified.  In  this  way  the  more 
comprehensive  requirement  of  Figure  1  on  sideslip  limitations  can  be 
Incorporated  without  losing  the  ability  to  flight  test  for  compliance 
with  large  control  inputs. 

H.  LESSORS  LEASHED 

Comparisons  of  operational  aircraft  with  the  sideslip  excursion 
requirements  can  be  obtained  from  four  AFFDL-sponsored  validation 
reports,  References  126,  127,  130,  ard  131,  as  summarized  in  the 

following  paragraphs. 
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Figure  6  (3. 6. 2. 1.1).  Category  B  Data  of  Reference  39 
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Figure  7  (3. 6. 2. 1.1).  Category  C  Configurations  of  Reference  44 
(Ag/k,  from  Reference  59) 
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Figure  8  (3. 6.2. 1.1).  Ag^y/k  Versus  ijtg  for  Configurations  That  Meet 
Level  1  posc/pav,  Cd»  and  Cdwd  Criteria  (from  Reference  69) 


1.  P-3B  (Class  III) 


Reference  126  discusses  Che  characteristics  of  the  P-3B  and  corre¬ 
lation  with  the  large-input  sideslip  excursion  requirements: 

In  PA,  the  adverse  yaw  observed  ranged  between  about  12  de¬ 
grees  at  120  KEAS  to  a  minimum  of  3  degrees  at  about  170  KEAS 
(k  *  1.0J.  The  pilot  commentary  indicated  Level  1  flying 
qualities  were  associated  with  these  results ... .The  results 
are  felt  to  substantiate  the  Level  1  requirement  of  the 
specif ication  for  Category  C  Flight  Phases. 

The  [Category  A]  results. .. .revealed  that  the  adverse  yaw 
characteristics  of  the  aircraft  failed  to  meet  the  Level  1  re¬ 
quirements  of  the  current  specification  between  130  KEAS  (A0/k 
■  25°)  and  190  KEAS  (A0/k  -  6°).  In  addition,  the  aircraft 
failed  to  meet  the  current  Level  1  requirement  in  Flight 
Phase  AS  between  140  KEAS  (A0/k  -  13°)  and  about  180  KEAS 
(A0/k  -  6°)  while  meeting  the  Level  1  requirement  up  to 
360  KEAS  (A8/k  -  2°).... The  comments  which  were  received 

indicate  that  pilots  would  normally  go  ahead  and  coordinate 
the  turn  with  pedal  and  would  not  be  annoyed  at  the  pedal 
coordination  requirement. 

2.  C-5A  (Class  III) 


Figure  9  shows  C-5A  flight  test  results  compared  with  the  large- 
input  requirements.  According  to  Reference  127, 

The  sideslip  excursions  are  not  considered  undesirable. 

Hence,  the  uniform  applicability  of  the  requirements  to  all 

classes  of  aircraft  is  questioned.. . .The  requirement  to  hold 

the  aileron  command  fixed  until  the  bank  angle  has  changed  at 

least  90  degrees  is  unnecessary  for  Class  III  aircraft.  The 

aileron  command  should  be  held  long  enough  to  establish  the 

parameters,  .  and  A0.... 

‘■command 

Additional  data  for  the  C-141A,  YC-141B,  and  C-5A  are  shown  in 

Figure  10,  from  Reference  14.  As  described  there. 

Pilot  rating  data  obtained  during  the  YC-141B  flight  test  pro¬ 
gram  show  a  value  of  2  (Harper-Cooper  Rating  Scale)  with 
augmentation  operative  and  4  with  the  augmentation  inopera¬ 
tive.  These  data  indicate  that  the  handling  characteristics 
correspond  to  Level  1  conditions  even  though  the  data  fall 
outside  Level  1  requirements  at  the  lower  airspeeds. 
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Figure  9  (3.6.2. 1.1).  C-5A  Flight  Test  Data 
(from  Reference  127) 
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Figure  10  (3.6.2. 1.1).  Sideslip  Excursion  Data  for  Class  III  Aircraft 
in  Category  B  Flight  Phases  (from  Reference  1A) 


It  should  be  noted  that  the  L-1011  nearly  complies  with  roll 
performance  requirements,  but  the  sideslip  excursions  created 
as  a  result,  as  shown  herein,  exceed  allowable  limits 
[Figure  10].  The  L-1011  sideslip  excursions  have  not  prompted 
any  objectionable  comments  from  flight  test  or  airline  pilots. 

3.  F-4  (Class  IV) 


Flight  test  data  for  the  F-4H-1  are  shown  in  Figure  11,  from  Refer¬ 
ence  130: 

The  Category  A  data  [Figure  11a] .. .provide  good  validation  of 
the  Level  1  adverse  and  proverse  boundaries  with  the  exception 
of  two  test  points  in  which  the  roll  command  has  induced  pro- 
verse  sideslip.  These  two  points  were  rated  Level  1  but  fall 
outside  the  Level  1  proverse  boundary.  Available  data  do  not 
permit  evaluation  of  the  Level  2  boundaries. 

The  PA  data  —  Category  C  —  [with  5  deg  ARI  authority. 

Figure  lib]  did  not  correlate  as  well.  These  data  were  given 
a  blanket  rating  of  Level  2,  however  a  significant  number  of 
test  points  met  the  specification  Level  1  requirements.  Each 
of  these  had  relatively  high  roll  performance  resulting  in  a 
higher  k  and  a  correspondingly  higher  allowable  3.  Adverse 
sideslip  was  in  the  low  range  compared  to  the  other  data. 

The  data  of  [Figure  lib]  —  in  which  the  PA  configuration 
lateral-directional  characteristics  were  modified  by  increas¬ 
ing  ARI  rudder  authority  to  ±15°  —  provide  inconclusive 
results.  From  the  pilot  comment,  an  estimated  Level  1  was 
given  to  all  the  data.  However,  approximately  half  of  the 
data  are  Level  2  according  to  the  requirement . 

When  the  PA  configuration  data.. .are  combined  as  shown  in 
Figure  [lib],  there  is  some  indication  that  the  Level  1 
adverse  boundary  may  be  a  function  of  airspeed. 

4.  F-5A  (Class  IV) 


Test  data  for  the  F-5A  are  compared  to  the  small-input  requirements 
in  Figure  12a,  and  the  large-input  requirements  in  Figure  12b,  from 
Reference  131.  The  F-5A  is  seen  to  comply  with  the  limits,  though  no 
pilot  rating  information  is  given. 
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Figure  12  (3.6>2.1»1)»  F-5A  Flight  Test  Data 
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5.  Possible  Revision 


Calspan  proposed  a  revision  to  the  requirement  In  Reference  59.  The 
new  handling  quality  parameters  proposed  there  are: 

1  VT  |A8|t<1.2Td 

■ - — - 54  versus  i| ioJ 

“d  g  ^  Pimpulse 

The  above  noted  trend  with  airspeed  is  seen  to  be  included  in  the  re¬ 
quirement. 

Data  comparisons  with  the  Reference  59  parameters  show  insufficient 
justification  for  adopting  them.  For  example,  using  the  data  of  Refer¬ 
ence  46  (Category  A),  correlations  are  almost  identical  for  the  Calspan 
revision  and  for  A6/k  vs.  (48  percent  vs.  46  percent).  Likewise,  the 
Reference  69  data  (Category  C)  show  no  real  improvement  (70  percent  vs. 
66  percent).  Some  parameters  similar  to  those  above  may  be  in  order, 
but  further  work  is  necessary. 
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3. 6. 2. 1.2  Coordination  In  turn  entry  and  exit  —  requirement  2 

A.  REASON  FOR  REQUIREMENT 

This  requirement  is  offered  as  an  alternative  to  Afl/k  versus  It 

is  stated  directly  in  terms  of  the  required  magnitude  and  shaping  of 
rudder  pedal  Inputs  to  coordinate  turns.  Hence  it  should  be  used  when 
analytical  guidance  is  a  primary  factor.  Straightforward  application 
requires  that  the  aircraft  sideslip  response  to  aileron  and  rudder 
transfer  functions  be  available. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

None. 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 

3.6.2. 1.2  Coordination  in  turn  entry  and  exit  —  requirement  2. 
The  yaw  control  characteristics  required  to  maintain  zero  sideslip  for 
roll  control  inputs  shall  meet  the  following  criterion:  _ . 

Recommended  values i  The  yaw  control  crossfeed  required  to  maintain 

zero  sideslip  should  be  within  the  limits  shown  in  Figure  1  for  Levels  1 

and  2.  In  addition,  for  values  of  the  ratio  of  yawing  to  rolling  accel- 

#  * 

eratlons  due  to  roll  controller,  |N$  /L5  I,  less  than  0.07,  the 

* 

crossfeed  parameter  6rp  must  be  within  the  limits  of  Table  1. 

TABLE  1  (3. 6. 2. 1.2) 

LIMITS  ON  (3)  FOR  |N$as/L5aa|  <  0.07 


LEVEL 

ADVERSE  YAW 

PROVERSE  YAW 

I 

-0.39 

0. 11 

2 

-1.15 

0.78 
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Ratio  Of  Yawing  to  Rolling  NSgs  (|  SCQ|e) 
Accelerations  due  to  Roll  Controller,  L'sas 


Figure  1  (3.6.2. 1.2).  Crossfeed  Parameter  Boundaries 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  ability  to  make  precise  changes  in  aircraft  heading  is  a  key 
factor  in  pilot  evaluation  of  lateral-directional  handling  qualities. 
Assuming  other  good  qualities  (e.g.,  adequate  roll  response,  yaw 
frequency /damping,  etc.),  deficiencies  in  heading  control,  which  can 
nevertheless  exist,  are  directly  traceable  to  excitation  of  the  dutch 
roll  mode  due  to  roll-yaw  cross-coupling  effects.  It  is  a  commonly 
accepted  piloting  technique  to  reduce  these  excursions  by  appropriate 
use  of  the  aileron  and  rudder,  usually  referred  to  as  "coordinating  the 
turn."  The  problem  is  that  existing  criteria  for  heading  control  (A(5/k, 


■  -« j  .4PSk  i’*IXv 
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or  References  59,  144,  145)  are  based  on  aileron-only  parameters,  and 
the  effects  of  rudder  control  are  only  indirectly  apparent  as  they  may 
have  Influenced  individual  pilot  ratings*  The  fact  that  these  criteria 
are  not  satisfactory  is  shown  in  Reference  146,  where  several  configura¬ 
tions  that  violated  boundaries  based  on  aileron-only  parameters  were 
given  good  to  excellent  pilot  ratings.  The  approach  taken  here  is  that 
for  an  otherwise  acceptable  airplane  the  aileron-rudder  shaping  neces¬ 
sary  to  coordinate  the  turn  is  a  dominant  factor  in  pilot  evaluation  of 
heading  control.  In  this  regard  it  is  important  to  recognize  that 
heading  control  is  basically  an  outer  loop  and  cannot  be  satisfactory  if 
the  inner  bank  angle  loop  is  unsatisfactory.  Table  2  contains  a  set  of 
requirements  intended  to  serve  as  a  checklist  for  good  roll  control. 

1*  Analysis  and  Basic  Concept 

In  general,  coordinated  flight  implies  minimum  yaw  coupling  due  to 
roll  entries  and  exits  which  can  be  quantified  in  many  ways,  e.g.: 
1)  zero  sideslip  angle  (3  *  0);  2)  zero  lateral  acceleration  at  the 
c.g.;  3)  turn  rate  consistent  with  bank  angle  and  speed  (r  -  g<t>/U0)>  and 
4)  zero  lateral  acceleration  at  the  cockpit  (ball  in  the  middle). 

Conditions  1  through  3  are  equivalent  when  the  side  forces  due  to 
lateral  stick,  Y6aa»  and  rudder  pedal.  6rp,  are  very  small,  which  is 
usually  the  case.  The  fourth  turn  coordination  criterion  is  complicated 
by  pilot  location  effects  which,  however,  appear  to  be  mainly  associated 
with  ride  qualities  and  not  with  heading  control  itself  (Reference  146). 
Based  on  these  considerations  it  appears  that  sideslip  angle  is  an 
appropriate  indicator  of  turn  coordination.*  Accordingly,  the  following 


It  has  been  suggested  that  pilots  are  taught  to  center  the  ball  in 
turns  and  therefore  a  would  be  the  more  correct  parameter.  However, 
the  real  objective  is  to  keep  sideslip  near  zero  so  that  the  nose  of  the 
aircraft  tracks  bank  angle.  In  fact,  when  turn  coordination  is  criti¬ 
cal,  such  as  on  the  AV-8  Harrier,  a  yaw  string  is  used  to  display  3  to 
the  pilot.  Also,  glider  pilots  use  a  yaw  string  because  turn  coordina¬ 
tion  is  a  critical  factor  in  these  aircraft.  Therefore,  we  feel  that  3 
and  not  a^  is  the  appropriate  parameter.  For  most  aircraft  the  dif¬ 
ference  between  a^  and  3  is  very  small. 
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wd  -  ( rad  /sec ) 


TABLE  2  (3. 6. 2. 1.2).  GROUND  RULES  FOR  APPLICATION  OF 
RATING  DATA  TO  HEADING  CONTROL  CRITERIA 


1)  Tr  meets  requirements  of  Para.  3. 5. 1.1.1 

2)  u>d  meets  requirements  of  Para.  3.6. 1.1 

3)  Cd  meets  requirements  of  Para.  3.6. 1.1 

4)  <1.5  when  turbulence  is  a  factor  and 

*  °-°3 

5)  Meets  Lg  vs.  <0.  boundaries  when  |N$  /L {  |  <0.03 

(Figure  2)  as  as 

6)  Meets  Level  2  Poac/pav  (Para.  3. 5. 1.1.4) 


Ljg(  l/sec2) 

Figure  2  (3. 6. 2.1.2).  Pilot  Rating  Boundaries  for  Acceptable 
Roll  Control  in  Turbulence  with  N£  /L§  <  0.03 

(from  Reference  68)  aa  as 
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formulation  undertakes  to  Identify  the  parameters  that  govern  the 
aileron-rudder  shaping  required  to  maintain  coordinated  flight  as 
defined  by  zero  sideslip  angle  (5  ■  0). 

With  an  aileron-rudder  crossfeed,  yCF>  the  rudder,  by  definition.  Is 
given  by 

6rp  s  YCF6as 

where  6^  Is  the  rudder  pedal  deflection  at  the  cockpit;  and  6ag  is 
the  lateral  stick  (or  wheel)  deflection  at  the  pilot's  grip.  For  the 
assumed  ideal  (zero  sideslip)  coordination 


e 


n6 


+  Y 


CF 


as 


0 


(2) 


See  Reference  66  for 
ideal  crossfeed  is: 


8  8 

the  definitions  of  N?  and  Ns  . 

°as  rp 


Therefore,  the 


ICF 


=  ilE.  . 
®  as 


n6 

3 

n6 


as 


rp 


(3) 


For  augmented  airplanes  these  numerators  are  high  order  and  cannot  be 
generalized.  However,  as  was  shown  in  Reference  87,  aircraft  with 
complex  augmentation  systems  represented  by  higher-order  systems  (HOS) 
tend  to  respond  to  pilot  Inputs  in  a  fashion  similar  to  conventional 
unaugmented  aircraft  or  low-order  systems  (LOS).  In  fact,  experience 
with  longitudinal  pitch  dynamics  (see  3. 2.1. 1)  has  shown  that  a  HOS 
which  cannot  be  fit  to  a  LOS  form  Is  generally  unsatisfactory  to  the 
human  pilot. 

Based  on  the  approximate  factors  for  conventional  airplanes  obtained 
from  Reference  66,  the  appropriate  LOS  form  for  YCF  is: 

*«„[•  +  A^U/uJKs  +  ( 1/Tpa8 )  ] 

YCF  ’  +  *r,(,/0o)][.  +  (l/IBlp)][.  -(N^/Y^)] 
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where 


A,  - 


Lr  ~  (L^/N^K 


Lp  -  -  (g/U0)] 


1/Tgl  -  -L'  +  (L^/Ng^N*  -  (g/U0)] 


and  i  -  as  (aileron  stick)  or  rp  (rudder  pedal).  For  the  frequency 
range  of  Interest,  i.e.,  excluding  both  low  and  high  frequencies 

tAl<*/V  5  «  N5rp«*tpl. 


lCF 


as 


(5) 


To  provide  a  meaningful  reference  for  the  control  cross-coupling  term, 

Ng  ,  In  Equation  5,  it  Is  expressed  as  the  ratio  of  yawing  to  rolling 
u  as 

0  0 

acceleration,  Ng  / Lg  .  Also,  since  the  rudder  sensitivity  can  be 
as  as 

separately  optimized  and  does  not  usually  represent  a  basic  airframe 

limitation.  It  is  appropriate  to  remove  It  from  consideration.  Accord- 

0 

lngly,  the  resulting  IDS  representation  of  the  crossfeed,  YCF*  is  given 


yCF 


yCF 


IE 

as 


4 


as 


»i 


rp 


1|ia>  + 

m,s[»  +  (i/T6ri>)] 


(6) 


Equation  6  Indicates  that  the  alleron-to-rudder  shaping  required  to 
maintain  coordinated  flight  (E  ■  0)  is  directly  related  to  the  separa¬ 
tion  between  the  aileron  (wheel  or  stick)  and  rudder  (pedal)  sideslip 
zeros. 

As  a  basis  for  direct  correlation  with  pilot  opinion,  a  "rudder 
shaping  parameter,"  u,  is  arbitrarily  defined  as  the  separation  be¬ 
tween  1/Tg^  and  l/Tg^  and  normalized  by  l/Tg  ,  i.e.. 


*A11  derivatives  are  in  the  stability  axis  system. 
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y 


which  simplifies  Co 


(i/i8„)  -  (i/iej 


rp 


“  •  (TBrp/T0  -  1  <7> 

The  frequency  response  characteristics  of  Y^p,  Equation  6,  as  a  function 
of  the  sign  of  y  are  shown  In  Figure  3  In  terms  of  literal  expressions 
for  the  Bode  asymptotes  •  These  asymptotes  Indicate  that  the  magnitude 

/  #  ft 

of  the  coordinating  rudder  is  a  function  of  N$  /Lg  at  all  frequen- 
cles  and  that  the  shaping  of  the  rudder  response  is  determined  by  y. 
These  parameters  are  summarized  in  terms  of  their  analytical  and  pilot- 
centered  functions  in  Table  3. 

The  parameters  Ng  /Lg  and  y  are  a  natural  choice  for  correlation 
of  heading  control  pilot  rating  data  since  they  completely  define  the 
aileron-to-rudder  crossfeed  necessary  for  turn  coordination.  Such  an 
ideal  crossfeed  Is  difficult  to  Isolate  with  simple  flight  test  proce¬ 
dures,  but  is  nevertheless  considered  a  viable  correlation  concept 
because  the  Military  Standard  permits  analysis  methods  to  demonstrate 
specification  compliance. 


TABLE  3  (3. 6. 2. 1.2) 

PARAMETERS  DEFINING  THE  LOS  REPRESENTATION 
OF  THE  AILERON -RUDDER  CROSSFEED 


PARAMETER 

ANALYTICAL 

FUNCTION 

“ 

PILOT -CENTERED  FUNCTION 

y 

Defines  shape 
of  Ycf 

Determines  complexity  of  rudder 
activity  necessary  for  ideally 
coordinated  turns.  Also  defines 
phasing  of  heading  response  when 
rudder  is  not  used. 

N$  /Lg 
as  as 

Defines  magni¬ 
tude  of  YpF 

Determines  magnitude  or  rudder 
required  and/or  high-frequency 
yawing  Induced  by  aileron  Inputs. 

*Note  that  Ng  /Lg 

uas  °as 


is  simply  r0/p0  for  a  <5aa 


input  • 
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'  . 


For  /i  >  0 


Log  Lead  Compensation 


T/30, 


Figure  3  (3.6.2. 1.2).  Asymptotes  of  Aileron-Rudder  Crossfeed 
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Since  the  rudder  sequencing  with  aileron  Inputs  Is  the  key  Issue, 
It  was  decided  to  use  a  LOS  form  In  the  time  domain*  The  rudder  shaping 
was  derlveu  by  using  a  unity  high-frequency  gain  for  the  Equation  6 
form,  and  the  Ideal  definition  of  p  (Equation  7),  the  rudder  time 
history  required  to  coordinate  a  unit  step  wheel  or  stick  Input,  Is: 


6rp(t)  -  1  +  u(l  - 


-t/Tg 


Note  that  6rp(t)  refers  to  the  rudder  pedal  motion  (thereby  Including 
effects  of  rudder  gearing  and  accounting  for  the  SAS).  Solving  Equa¬ 
tion  8  for  the  rudder  shaping  parameter,  p: 


«„<t>  - 1 

“  ■  ~ P'  -t7ie' '  <’> 

1  -  e  PrP 

The  value  of  t  Is  properly  set  by  the  lower  limit  on  the  frequency  range 
of  Interest  for  piloted  heading  control.  The  simulation  experiments  of 
Reference  147  indicated  that  a  minimum  heading  crossover  of  about 
1/3  rad/sec  was  necessary  for  desirable  handling  qualities.  Therefore, 
a  corresponding  time  of  3  sec  was  selected  as  being  most  pertinent  to  a 
pilot-centered  characterization  of  crossfeed  properties.  Recognizing 
further  (Equation  4)  that  Tg  -  -1/Lp  is  approximately  equal  to  the 
roll  mode  time  constant,  T^,  and  that  the  latter  must  generally  be  less 
than  1.0  to  1.4  sec  for  acceptable  roll  control  (3. 5. 1.1.1)  sets  the 
following  limits  on  the  exponential  in  Eq.  9. 


TR  <  1.0 


<  1.4 


.-3/tR  <  o., 


<  0.117 


For  small,  light,  or  highly  maneuverable  airplanes. 

For  medium  to  heavy  weight,  low  to  medium  maneuverability  air¬ 
planes  . 


Accordingly,  Equation  9  reduces  within  a  maximum  error  of  5-10  percent 
depending  on  airplane  class,  to 


U  -  «rp(3)  -  1 


(10) 


This  simple  relationship  was  used  to  compute  p  for  the  pilot  rating 

correlations  shown  under  "Supporting  Data,"  It  should  also  be  noted 

that,  since  the  high-frequency  gain  is  set  to  unity,  the  normalized 

rudder  parameter,  6r(3),  may  be  calculated  from  YCf.  (Equation  3) 
0 

or  Ygp  (Equation  6). 

However,  before  this  simple  formula  can  be  applied  it  is  necessary 
to  avoid  the  high-frequency  responses  that  occur  due  to  pairs  of  roots 
that  frequently  occur  with  complex  SAS  installations  having  associated 
higher-order  0  numerators.  For  example,  a  simple  washed  out  yaw  rate 
feedback  and  a  first-order  lagged  aileron /rudder  crossfeed  results  in 
seventh-order  3  numerators  of  unaugmented  airplanes.  Most  of  the  zeros 
of  these  polynomials  occur  at  very  high  frequency,  having  negligible 
effect  on  the  dynamics  near  the  pilot's  crossover  frequency,  and  there¬ 
fore  should  not  be  accounted  for  in  the  shaping  function  p.  The  stan¬ 
dard  procedure  utilized  to  compute  the  values  of  p  was  to  eliminate  all 
roots  of  the  3  parameters  above  values  of  6  rad/sec  in  pairs,  i,e«, 
keeping  their  order  relative  to  each  other  the  same  (e,g«,  a  third  over 
fourth  order  would  be  reduced  to  a  second  over  third  order,  etc,). 
Roots  above  6  rad/sec  which  do  not  occur  in  pairs  are  left  unmodified. 
The  point  of  deleting  the  high-frequency  root  pairs  is  just  to  find  the 
rudder/aileron  crossfeed  ratio  that  the  pilot  should  apply. 

The  following  example  illustrates  a  typical  computation  of  p  and 
the  effect  of  removing  the  high-frequency  roots  from  Equation  2.  The 
aileron /rudder  crossfeed  for  one  of  the  Reference  148  configurations 
used  in  the  pilot  rating  correlations  is  given  as: 


^as 


. 19 (s  -  . 102 ) (s  -  .922 ) (s  +  605.2) 
(s  -  .057 ) (s  +  5. 6) (s  +  109.9) 
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******** 


As  discussed  above,  all  roots  above  6  rad/sec  are  removed  in  pairs  and 
the  high-frequency  gain  (0.19)  is  set  to  unity,  resulting  in  the  follow¬ 
ing  equation: 


frEL  _  (8  -  .  102) (s  -  .922) 

6as  (a  -  *057) (s  +  5.6)  v  ' 

The  rudder  time  responses  to  a  unit  wheel  input  for  Equations  12  and  13 
are  plotted  in  Figure  4.  Removal  of  the  high-frequency  roots  is  seen  to 
replace  the  initial  rapid  rudder  reversal  with  a  unity  initial  condi¬ 
tion.  These  responses  are  essentially  equivalent  to  the  pilot  who  sees 
the  necessity  to  use  immediate  rudder  with  aileron  inputs  (which  must  be 
removed  1/2  sec  later).  The  value  of  p  corresponding  to  this  response 
is  «r(3)  -  1  -  -1.17. 

Figure  5  presents  typical  coordinating  (0  -  0)  rudder  time  histories 

*  * 

for  step  aileron  inputs  on  a  grid  of  p  versus  N$  /Lg  .  Moving  verti- 

ds  a  s 

cally  on  this  grid  changes  the  shape  (p)  of  the  crossfeed,  YCF,  keeping 
the  initial  value  (high-frequency  gain)  constant.  Moving  horizontally 
produces  a  change  in  the  crossfeed  gain  (Ng^/Lg^)  at  frequencies 


Figure  4  (3. 6. 2. 1.2).  Effect  of  Removing  High-Frequency 
Roots  from  0  Numerators 
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0  (8r  is  constant) 


0 


Positive  step  aileron  input  at  t  =  0  (right  roll) 
+  rudder  is  into  the  turn 


Figure  5  (3. 6. 2. 1.2).  Typical  Rudder  Time  Histories 

for  Zero  Sideslip 


T 


without  changing  the  shape.  Note  that  this  is  consistent  with  Table  2 

and  Figure  3,  where  it  is  shown  that  y  dictates  the  required  aileron-to- 

0 

rudder  shaping  and  Nsas  defines  the  magnitude  of  the  gain  for  all  times 
(and  frequencies).  The  basic  shapes  of  the  time  histories  in  Figure  4 
are  Indicative  of  the  fundamental  assumption  that  the  rudder  time  his¬ 
tory  can  be  fit  by  the  Equation  6  form.  The  basic  implication  of  this 
form  is  that,  after  an  initial  input  proportional  to  the  aileron  stick 
step,  the  rudder  response  is  essentially  monotonic  in  the  frequency 
range  of  Interest. 

A  physical  Interpretation  relating  the  cross-coupling  derivatives 

0 

N58s  and  N'  with  the  rudder  shaping  parameter,  y,  is  given  in  Table  4. 


TABLE  4  (3. 6.2. 1.2) 
PHYSICAL  INTERPRETATION  OF  y 


VALUE  OF 
RUDDER 
SHAPING 
PARAMETER 

ROLL-YAW  CROSS-COUPLING 

CHARACTERISTICS  | 

y  >  0 

N$  and  N'  are  additive,  indicating  that  the 

crois-coupling  effects  increase  with  time  after 
an  aileron  input. 

u  -  o 

Np  “  g/U0,  indicating  that  all  roll-yaw  cross¬ 
coupling  is  due  to  N§  .  The  aileron-rudder 
crossfeed  is  thereforisa  pure  gain. 

-1  <  y  <  0 

0 

N$  and  Np  are  opposing.  Initial  cross-coupling 
induced  by  Ng  Is  reduced  by  Np  as  the  roll  rate 

builds  up.  Exact  cancellation  takes  place  when 

U  •  -1,  resulting  in  a  zero  rudder  requirement 
for  steady  rolling. 

u  «  -1 

. 

Low-frequency  and  high-frequency  cross-coupling 
effects  are  of  opposite  sign,  indicating  a  need 
for  complex  rudder  reversals  for  coordination. 

If  rudder  not  used,  the  nose  will  appear  to 
oscillate  during  turn  entry  and  exit. 
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2.  Physical  Interpretation 


The  iso-opinion  lines  In  Figure  1  Indicate  that  some  values  of  the 
rudder  shaping  parameter  u,  are  more  desirable  than  others  In  that  they 
are  less  sensitive  to  an  Increase  In  aileron  yaw.  The  following  obser¬ 
vations  help  to  explain  this  trend  In  terms  of  pilot-centered  considera¬ 
tions  : 

1)  Moderately  high  proverse  (positive)  Ng  is  acceptable  in 
the  region  where  U  ■  -1.  Physically,  %is  corresponds  to 
a  sudden  initial  heading  response  in  the  direction  of  turn 
followed  by  decreasing  rudder  requirements.  (Required 
steady-state  rudder  is  zero  when  u  «  -1,  see  Figure  4). 

It  is  felt  that  the  pilots  are  accepting  the  initial  pro- 
verse  yaw  as  a  heading  lead  and  are  not  attempting  to  use 
cross-control  rudder. 

2)  The  allowable  values  of  proverse  Ng  decrease  rapidly  as 
U  becomes  greater  than  -1.  Physically  this  corresponds  to 
an  Increase  In  the  requirement  for  low-frequency  cross¬ 
control  rudder  activity  (see  Figure  4),  which  is  highly 
objectionable . 

3)  The  pilot  ratings  are  r  less  sensitive  to  the  required 
rudder  shaping  when  Ng  is  negative  (adverse  yaw) . 

Recall  that  adverse  yawais  consistent  with  conventional 
piloting  technique  (rudder  with  the  turn  to  augment  roll 
into  the  turn). 

3.  Mg  /Lg  Near  Zero 
uas 


Control  cross-coupling  effects  are  obviously  not  a  factor  when 
0  0 

|Ng  /Lg  |  is  small.  This  may  occur  when  the  basic  control  cross- 

as  as 

coupling  is  negligible  or  with  augmentation  systems  that  result  in  ideal 
crossfeed,  having  denominators  of  higher-order  dynamics  than  numer¬ 

ators  (e.g.,  the  augmented  Ng  is  zero).  For  Ng  /Lg  identically 
zero,  the  required  aileron-rudder  crossfeed  takes  the  Bode  asymptote 
form  shown  in  Figure  6  for  unaugmented  conventional  airplanes.  The 
rudder  magnitude  required  to  coordinate  mid-frequency  and  high-frequency 
aileron  (wheel)  inputs  is  seen  to  be  dependent  on  the  roll  cross- 

coupling,  g/UQ  -  Np,  whereas  low-frequency  rudder  requirements  are 
0 

dependent  on  Nr.  The  required  rudder  shaping  has  the  characteristics  of 


a  rate  system  (ramp  6rp  to  step  6fls  input)  at  low  and  high  frequency. 
Accordingly,  aileron-rudder  shaping  per  se  is  not  the  essence  of  the 
problem,  which  reduces  instead  to  concern  with  the  general  magnitude  of 
the  required  rudder  crossfeed. 

From  Figure  6  it  is  seen  that  g/U0  -  N'  provides  a  good  measure 
of  such  magnitude;  and,  in  fact,  correlation  of  pilot  rating  data  (for 
<  0.03)  with  g/U0  -  N'  is  quite  good.  However,  difficulties 
associated  with  estimating  an  effective  g/UQ  -  N£  for  augmented  air¬ 
frames  presents  practical  problems  which  make  this  parameter  somewhat 

unattractive.  Also,  for  configurations  with  1/T o  close  to  1/Tn  ,  the 

Mss  rp 

effects  due  to  (see  Figure  6)  can  be  important.  A  more  general 
approach  is  to  compute  a  time  history  based  on  a  unit  step  aileron  input 
Into  Ycf*  Physically,  this  represents  the  required  rudder  magnitude  for 
coordination  of  a  unit  step  aileron  control  input,  that  is  (from  Equa¬ 
tion  5): 


(14) 
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Utilizing  Che  same  response  time  considerations  as  In  the  computation 
of  P,  <5 '(3)  is  suggested  as  the  correlating  parameter  when  |Ng  /Lg  | 

r  AS 

is  small  or  when  the  denominator  of  YCF  is  of  higher  order  than  the 

numerator*  The  question  of  what  specifically  constitutes  a  "small” 
0  0 

value  of  Ng  /Lg  has  proven  to  be  somewhat  difficult  to  quantify* 

AS  38  ^ 

Reasonably  good  correlations  were  found  by  plotting  the  Ng  /Lg  <  0.03 

#  38 

pilot  ratings  versus  6rp(3)  as  shown  in  Figure  7.  More  recent  experi¬ 
ence  in  utilizing  the  p  parameter  has  revealed  that  Ng  /Lg  <  0.07 

38  38 

0  0 

results  in  better  correlations.  When  Ng  /Lg  is  between  0.03  and 

38  38 

0.07,  both  Figure  1  and  Table  1  should  be  checked  and  the  most  conserva¬ 
tive  result  utilized. 

In  summary,  6'p(3)  is  calculated  by  obtaining  the  response  of  a  unit 
step  input  Into  the  transfer  function  YCF  (Equation  3)  at  t  ■  3  sec. 
This  result  is  multiplied  by  Ng^/Lg^  t0  give  6£p(3). 


Figure  7  (3. 6. 2. 1.2).  Pilot  Rating  Correlations  When  |Ng  /Lg  f 

Is  Small  aa  aa 
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4.  Complex  Rudder  Shaping 


As  discussed  earlier,  reasonable  fits  of  the  HOS  to  the  LOS  form 
Implicit  In  Equation  10  presume  that  the  aileron-to-rudder  shaping  Is  at 
least  monotonic  in  the  region  of  piloted  control*  This  assumes  that 
If  the  required  rudder  coordination  to  a  step  aileron  Input  Is  non¬ 
monotonic  in  the  region  of  control,  pilot  opinion  will  be  poor*  Since 
we  have  been  unable  to  find  any  configurations  that  have  such  a  non¬ 
monotonic  shape,  and  that  have  been  tested  for  pilot  opinion  of  heading 
control,  it  is  not  possible  to  quantify  the  mismatch  effects  at  this 
time* 


E.  GUIDANCE  FOR  APPLICATION 


Clearly,  the  character  of  the  requirement  is  such  that  application 
can  only  be  through  analysis,  necessitating  a  good  analytical  model  of 
the  airplane,  and  especially  of  the  6  numerators  of  the  augmented 
aircraft.  With  these,  application  of  the  criterion  is  straightforward. 


The  rules  for  application  of  this  criterion  are  summarized  as 
follows: 

1)  If  /Lfi  |  <  0.03,  skip  to  Step  6. 

as  as 

2)  Formulate  Y^p  by  taking  the  ratio  of  the  3/5aa  and  the 
B/6  transfer  functions.  For  augmented  airplanes  the 
transfer  functions  must  include  the  effects  of  augmenta¬ 
tion: 


yCF 


) 

aug 


3)  Remove  all  roots  greater  than  6  rad/sec  in  pairs,  keeping 

the  order  of  Ygp  constant.  Roots  above  6  rad/sec  that  do 

not  occur  in  pairs  are  left  unmodified.  Set  the  high- 
frequency  gain  of  yCF  equal  to  unity  (as  in  Equation  13). 

4)  Calculate  &rp(3)  from  the  time  response  of  YCF  (as  modi¬ 
fied  by  Step  2)  to  a  unit  step  input,  i.e>,  <5^(3)  “ 

-1((l/s)YCF(s)}  evaluated  at  t  -  3  sec. 


5)  Calculate  p  as:  p  ■  6rp(3)  ~  1  and  Plot  on  F18ure  1. 
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6) 


•  ■  i  II  JIM| 


If  |N$  /L$  I  <_  0.07,  calculate  the  normalized  rudder 

required,  6^,(3),  as  follows: 

Calculate  the  magnitude  of  the  time  response  of  YCF 
(from  Step  2)  to  a  unit  step  input  at  t  ■  3  sec. 

9  ■  9 

-  Multiply  the  result  by  N$  /L$  ,  i*e*f 

rp  as 

«6rp 

«rp(3)  -  YCF(3) 

L«as 

Compare  6£p(3)  with  Table  1. 

7)  If  0.03  <  |Nx  /Lx  |  <  0.07,  utilize  the  most 

"as  as  — 

conservative  result  from  Steps  5  and  6. 

8)  If  the  configuration  does  not  meet  the  requirements,  see 
Figure  4  to  determine  expected  piloting  problems. 

F.  DEMON STEATIOH  OF  COMPLIANCE 

An  analytical  model  of  the  aircraft  and  all  relevant  control  augmen¬ 
tation  systems  must  be  supplied  by  the  contractor.  Transfer  functions 
are  needed  of  sideslip  responses  to  roll  and  yaw  control  Inputs.  The 
procuring  activity  may  specify  flight  conditions  for  compliance  demon¬ 
stration. 

G.  SUPPORTING  DATA 

A  summary  of  the  data  sources  considered  is  given  In  Table  5.  Each 
of  the  data  points  found  to  be  applicable  to  heading  control  (l.e«, 
met  the  groundrules)  is  plotted  and  faired  on  a  logarithmic  grid  of 

9  0 

versus  m  in  Figure  8.  Only  in-flight  and  moving-base  simula¬ 
tor  data  were  considered.  With  the  exception  of  one  or  two  points  the 
data  from  all  the  sources  in  Table  5  correlate  quite  nicely  with  the 
criterion  (Figure  8).  If  anything,  the  criterion  is  conservative  In 
that  the  few  points  that  do  not  fit  are  rated  better  than  the  other  data 
In  the  same  region. 

It  is  significant  that  the  pilot  rating  correlations  are  not  depen¬ 
dent  on  the  type  of  aircraft  and  in  fact  are  shown  to  be  valid  for 
vehicles  ranging  from  light  aircraft  to  fighter,  STOL,  and  Space  Shuttle 
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Figure  8  (3. 6. 2. 1.2).  Pilot  Rating  Correlation  with 
Crossfeed  Parameters 


TABLE  5  (3. 6. 2. 1.2).  SUMMARY  OF  CURRENT  DATA 


TYPE  OF  AIRCRAFT 
SIMULATED 

DESCRIPTION  OF 
SIMULATOR 

REFER¬ 

ENCE 

TOTAL 
NUMBER  OF 
DATA  POINTS 

NUMBER  OF 
POINTS 
MEETING 
GROUNDRULES 

Executive  jet 
and  military 

Class  II 

Variable  stability 
T-33 

69 

84 

16 

STOL 

Variable  stability 
helicopter 

145 

109 

30 

General  aviation 
(light  aircraft) 

Variable  stability 
Navion 

149 

26 

6 

Jet  fighter- 
carrier  approach 

Variable  stability 
Navion 

68 

36 

22 

Space  Shuttle 
vehicle 

6  DOF  moving-base 
with  Redifon  dis¬ 
play  (NASA  Ames 
FSAA) 

146 

52 

52 

STOL 

3  DOF  moving-base  |  144 
(NASA  Ames  S-16)  j 

8 

7 

configurations.  This  result  indicates  that  good  heading  control  charac¬ 
teristics  are  dependent  on  a  fundamental  aspect  of  piloting  technique 
(aileron-rudder  coordination)  and  that  such  factors  as  aircraft  size, 
weight,  approach  speed,  etc.,  can  be  neglected  for  all  practical  pur¬ 
poses.  It  is  felt  that  the  invariance  of  ratings  with  aircraft  configu¬ 
ration  is  related  to  the  pilot's  ability  to  adapt  to  different  situa¬ 
tions  and  to  rate  accordingly.  Finally,  the  excellent  correlations  of 
pilot  ratings  with  the  aileron-rudder  crossfeed  characteristics  indicate 
that  the  required  rudder  coordination  is  indeed  a  dominant  factor  in 
pilot  evaluation  of  heading  control. 

The  rudder  shaping  parameter  is  attractive  as  a  heading  control 
criterion  because  the  handling  quality  boundaries  are  easily  Interpreted 
in  terms  of  pilot-centered  considerations.  Its  shortcoming  is  centered 
about  determining  parameter  values  from  simulation  or  flight  test. 
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A  review  of  the  data  sources  for  Figure  8  indicates  that  the  re¬ 
quirement  as  devised  is  applicable  primarily  to  low-speed  flight,  and 
especially  to  Category  C  (approach  and  landing)  Flight  Phases*  Further 
work  is  necessary  in  this  area  to  determine  any  refinements  for  the 
other  Categories.  However,  since  low-speed  flight  with  a  high-gain 
lateral  task  defines  the  most  extreme  condition  for  control  coordina¬ 
tion,  the  requirement  of  Figure  1  covers  the  worst  cases. 

H.  LESSORS  LKAKMED 

Figure  9  (from  Reference  227)  compares  the  rudder  shaping  parameter 
for  several  aircraft  with  the  Figure  1  requirements.  Available  pilot 
rating  data  for  the  F-lll  with  and  without  adverse  yaw  compensator  (ATC) 
support  the  boundaries.  The  pilot  ratings  are  from  Reference  228,  where 
it  is  stated  that  "the  F-111B  without  the  adverse  yaw  compensator  lies 
in  an  unacceptable  region .... [The]  rudder  sequencing  criteria. . .for  the 
F-lllB  with  and  without  AYC..<are  in  agreement  with  the  actual  ratings 
it  received." 
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Figure  9  (3.6.2. 1.2).  Required  Aileron-Rudder  Sequencing 
for  Several  Operational  Aircraft,  SAS/CAS  On 
(from  Reference  227) 


3. 6. 2. 2  Pilot-induced  yaw  oscillations 

A.  SEASON  FOR  REQUIREMENT 

This  is  simply  a  statement  to  expressly  forbid  neutral  or  unstable 
closed-loop  oscillations  in  roll.  The  need  for  such  a  requirement  is 
self-evident. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3.3 

C.  STATEMENT  OF  REQUIREMENT 

3. 6. 2. 2  Pilot-induced  yaw  oscillations.  There  shall  be  no  tendency 
for  sustained  or  uncontrollable  yaw  oscillations  resulting  from  efforts 
of  the  pilot  to  control  the  aircraft. 

D.  RATIONALE  BEHIND  REQUIREMENT 

Due  to  the  lack  of  a  reliable  quantitative  measure,  the  requirement 
is  written  in  terms  of  subjective  evaluations.  It  is  of  course  hoped 
that  meeting  the  (other)  quantitative  requirements  of  this  standard  will 
prevent  a  lateral  PIO.  This  requirement  is  identical  to  the  roll-axis 
requirement  of  3.5.2. 

E.  GUIDANCE  FOR  APPLICATION 

This  requirement  should  apply  to  all  flight  conditions  and  tasks, 
and  to  all  Levels,  since  zero  or  negative  closed-loop  damping  is  to  be 
avoided  under  any  flight  condition  or  failure  state. 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  existence  of  a  PIO  tendency  is  difficult  to  assess.  Therefore, 
no  specific  flight  conditions  or  tasks  are  recommended,  though  a  high- 
stress  task  such  as  approach  and  landing  with  a  lateral  offset,  terrain 
following,  or  in-flight  refueling  (receiver)  may  reveal  PIO  proneness. 
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6.  SUPPORTING  DATA 
None. 

H.  LESSONS  LEARNED 

The  pitch-axis  PIO  requirement)  3. 2.2.2,  contains  some  discussion  on 
the  cases  and  causes  of  PIOs. 
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3. 6. 2. 3  Residual  yaw  oscillations 


A.  REASON  FOR  REQUIREMENT 

This  requirement  Is  Intended  to  prevent  limit  cycles  In  the  control 
system  or  structural  oscillations  which  might  Interfere  with  mission 
performance. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3. 1.1 


C.  STATEMENT  OF  REQUIREMENT 

3. 6. 2. 3  Residual  yaw  oscillations.  Any  sustained  residual  oscilla¬ 
tions  In  calm  air  shall  not  interfere  with  the  pilot's  ability  to  per¬ 
form  the  tasks  required  In  service  use  of  the  aircraft. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  yaw  axis  requirements  of  3.6.1  and  3. 6. 2. 2  should  prevent  open- 
loop  (aerodynamically  induced)  and  closed-loop  (pilot-induced)  oscilla¬ 
tions.  This  requirement  sets  limits  on  oscillations  from  other  sources. 

E.  GUIDANCE  FOR  APPLICATION 

None  required. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  for  other  yaw  axis  requirements  should  reveal  any 
problems  with  residual  oscillations. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.6.3 


Yaw  Axis  Control  for  Takeoff  and  Landing  in  Crosswinds 


A.  REASON  FOR  REQUIREMENT 


This  paragraph  assures  good  yaw-axis  flying  qualities  in  crosswind 
takeoffs  and  landings  and  specifies  the  limiting  crosswinds  to  be 
applied  in  various  other  yaw  control  power  and  force  requirements. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3.7 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 


3.6.3  Yaw  Axis  Control  for  Takeoff  and  Landing  in  Crosswinds.  It 
shall  be  possible  to  take  off  and  land  with  normal  pilot  skill  and 
technique  in  90  deg  crosswinds  from  either  side  of  velocities  up 
to  _ . 


Recommended  values  are  given  in  Table  I. 


TABLE  1  (3. 6. 3.1) 

RECOMMENDED  MINIMUM  CROSSWIND  VELOCITY  REQUIREMENTS 


LEVEL 

CLASS 

CROSSWIND 

1  and  2 

I 

20  kt 

II,  III,  and  IV 

30  kt 

Water-based 

airplanes 

20  kt 

3 

All 

One  half  the 
values  for 
Levels  I  and  2 

D.  RATIONALE  BEHIND  REQUIREMENT 


This  requirement  was  taken  directly  from  MIL-F-8785C.  An  attempt  to 
specify  pilot  workload  In  terms  of  the  Level  definitions  in  Para*  3.9.1 
was  found  to  be  too  complex  and  was  therefore  deleted  from  the  draft 
report • 

E.  GUIDANCE  FOR  APPLICATION 

The  crosswind  specified  herein  will  affect  not  only  this  paragraph, 
but  also  the  yaw  control  power  (3. 6. 5.2)  and  force  (3. 6. 6. 2.4)  require¬ 
ments,  all  of  which  should  be  reviewed  at  the  same  time.  In  addition, 
the  identical  requirement  for  the  roll  axis  (3.5*7)  should  be  con¬ 
sidered,  where  It  will  be  seen  that  the  same  crosswind  velocities  are 
recommended. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Since  flight  testing  In  steady,  90  degree  crosswinds  of  the  speci¬ 
fied  velocity  may  be  unacceptably  hazardous  for  Level  2  and  3  opera¬ 
tions,  takeoffs  and  landings  may  be  performed  In  some  crosswinds  less 
than  (but  close  to)  the  required  velocity.  Additional  slow  flight  may 
then  be  conducted  at  a  safe  (but  low)  altitude. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.6.4 


Yaw  Axis  Response  to  Other  Inputs 


3. 6. 4.1  Yaw  axis  response  to  asymmetric  thrust 


A.  REASON  FOR  REQUIREMENT 

The  transient  and  steady-state  effects  of  asymmetric  thrust  are 
limited  to  compensatable  amounts. 

B.  RELATED  MH.-F-8785C  REQUIREMENTS 

3.3.9,  3.3. 9.1,  3.3. 9. 2,  3. 3. 9. 3,  3. 3.9.4 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 6. 4.1  Yaw  axis  response  to  asymmetric  thrust.  It  shall  be  pos¬ 
sible  for  the  pilot  to  maintain  directional  control  of  the  aircraft 
following  a  loss  of  thrust  from  the  most  critical  propulsive  source. 

a)  Takeoff :  During  takeoff  it  shall  be  possible  to  maintain 

a  straight  path  without  deviations  of  more  than  _  ft. 

For  the  continued  takeoff,  the  requirement  shall  be  met 
when  thrust  is  lost  at  speeds  from  the  refusal  speed 
(based  on  the  shortest  runway  from  which  the  airplane  is 
designed  to  operate)  to  the  maximum  takeoff  speed,  with 
takeoff  thrust  maintained  on  the  operative  engine (s), 
using  only  controls  not  dependent  upon  friction  against 
the  takeoff  surface  or  upon  release  of  the  pitch,  roll, 
yaw  or  throttle  controls.  For  the  aborted  takeoff,  the 
requirement  shall  be  met  at  all  speeds  below  the  maximum 
takeoff  speed;  however,  additional  controls  such  as  nose- 
wheel  steering  and  differential  braking  may  be  used. 
Automatic  devices  that  normally  operate  in  the  event  of  a 
thrust  failure  may  be  used  in  either  case. 

b)  After  takeoff:  After  takeoff  it  shall  be  possible 

without  a  change  in  selected  configuration  to  achieve 
straight  flight  following  sudden  asymmetric  loss  of 
thrust  from  the  most  critical  factor  at  speeds  from  V  . 

(TO)  to  (TO),  and  thereafter  to  maintain  straight 

flight  throughout  the  climbout.  Automatic  devices  that 
normally  operate  in  the  event  of  a  thrust  failure  may  be 
used,  and  the  airplane  may  be  banked  up  to  5  degrees  away 
from  the  inoperative  engine. 
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c)  Takeoff  and  landing  In  crosswinds:  The  aircraft  shall  be 
safely  controllable  In  the  crosswinds  of  3.6.3  from  the 
unfavorable  direction. 

d)  In-flight :  The  airplane  motions  following  sudden  asym¬ 
metric  loss  of  thrust  shall  be  such  that  dangerous  condi¬ 
tions  can  be  avoided  by  pilot  corrective  action.  A 

realistic  time  delay  of  at  least  _  second  shall  be 

Incorporated.  In  addition,  the  static  directional  sta¬ 
bility  shall  be  such  that  at  all  speeds  above  .  with 
asymmetric  loss  of  thrust  from  the  most  critical  factor 
while  the  other  englne(s)  develop  normal  rated  thrust, 
the  airplane  with  yaw  control  pedals  free  may  be  balanced 
directionally  in  steady  straight  flight.  The  trim  set¬ 
tings  shall  be  those  required  for  wings-level  straight 
flight  prior  to  the  failure. 


Recommended  values; 

Maximum  path  deviation  during  takeoff:  30  ft 

Minimum  time  delay:  1  second 

Minimum  speed,  yaw  controls  free:  1.4  Vmin 


D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  consists  of  portions  of  several  paragraphs  from 
MIL-F-8785C.  It  assures  directional  control  by  the  pilot  under  adverse 
conditions  (l*e.,  crosswinds),  and  insures  a  match  between  upsetting 
yawing  moments  due  to  asymmetric  thrust  and  restoring  moments  from 
static  directional  stability.  The  requirement  for  adequate  control  of 
the  ground  path  Insures  that,  following  loss  of  thrust  during  the  take¬ 
off  run,  the  pilot  can  either  safely  abort  or  safely  continue  the 
takeoff.  Similarly,  the  requirement  insures  that  following  thrust  loss 
after  takeoff  the  pilot  can  safely  continue  cllmb-out.  The  Intent  Is 
that  Vmln  (TO)  normally  should  be  set  by  other  considerations  and  ade¬ 
quate  control  provided  down  to  that  speed. 
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E.  GUIDANCE  FOB.  APPLICATION 

Generally,  all  Che  possible  consequences  of  propulsion  system 
failures  must  be  considered.  For  example.  Inlet  unstart  may  cause  a 
disturbance  In  all  axes.  Another  kind  of  failure  Is  represented  by 
damage  to  other  parts  of  the  airplane  caused  by  thrown  turbine  blades: 
for  example,  hydraulic  lines  should  be  routed  (or  enough  armor  used)  so 
that  thrown  engine,  fan,  or  propeller  parts  cannot  sever  all  hydraulic 
systems  needed  for  flight  control* 

F.  DEMONSTRATION  OF  COMPLIANCE 

Since  each  statement  of  this  requirement  specifies  the  applicable 
regime  (except  the  general  requirement  for  pilot  control  and  static 
stability,  which  extends  over  the  operational  altitude  range),  testing 
must  cover  the  applicable  conditions.  For  operations  after  takeoff,  the 
testing  may  be  performed  at  some  safe  (but  still  low)  altitude. 

G.  SUPPORTING  DATA 
None. 


H.  LESSONS  LEARNED 


A.  REASON  n»  REQUIREMENT 


This  requirement  limits  the  severity  of  failures  on  controllability 
in  the  yav  axis. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 


3.4.8,  3.4.9,  3.5.5. 1 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 


3. 6. 4. 2.  Yaw  axis  response  to  failures.  The  yawing  motions  follow¬ 
ing  sudden  airplane  system  or  component  failures  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective  action.  A  real¬ 
istic  time  delay  between  the  failure  and  initiation  of  pilot  corrective 
action  shall  be  Incorporated  when  determining  compliance.  No  single 
failure  of  any  component  or  system  shall  result  in  dangerous  or  intoler¬ 
able  flying  qualities;  Special  Failure  States  (1.6.3)  are  excepted.  The 
crew  member  concerned  shall  be  provided  with  immediate  and  easily  inter¬ 
preted  indications  whenever  failures  occur  that  require  or  limit  any 
flight  crew  action  or  decision.  With  controls  free,  the  yawing  motions 
due  to  failures  shall  not  exceed  _ 


Recommended  values :  It  is  recommended  that  the  yaw  excursions  not 
exceed  the  following  limits  for  at  least  2  seconds  following  the 
failure : 


Levels  1  and  2  ±0.5  g  incremental  lateral  acceleration  at 

(after  failure)  the  pilot's  station,  except  that  structural 

limits  shall  not  be  exceeded.  In  addition, 
for  Category  A,  lateral  excursions  of  5  ft. 


Level  3  No  dangerous  attitude  or  structural  limit  is 

(after  failure)  reached,  and  no  dangerous  alteration  of  the 

flight  path  results  from  which  recovery  is 
impossible. 


D.  RATIONALE  BBHHD  REQUIREMENT 


This  paragraph  is  primarily  qualitative  in  nature  because  of  the 
number  of  unknowns  that  might  affect  a  failed  condition.  The  severity 
of  transients  due  to  the  failure  must  be  small  enough  to  allow  the  pilot 
to  regain  control;  and,  having  done  so,  to  operate  at  least  adequately 
to  terminate  the  mission  (this  is  implied  by  requiring  Level  3  or  better 
flying  qualities  following  any  single  failure). 

E.  GUIDANCE  FOR  APPLICATION 

Clearly,  application  of  this  requirement  Is  contingent  on  the  speci¬ 
fication  of  those  failures  considered  to  be  most  critical. 

The  time  delay  should  include  an  Interval  between  the  occurrence  of 
the  failure  and  the  occurrence  of  a  cue  such  as  acceleration,  rate, 
displacement,  or  sound  that  will  definitely  indicate  to  the  pilot  that  a 
failure  has  occurred,  plus  an  additional  interval  that  represents  the 
time  required  for  the  pilot  to  diagnose  the  situation  and  initiate 
corrective  action. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  the  failures  specified  in  1.6.3  will  involve  those 
conditions  most  critical  for  such  failures.  Therefore,  it  is  expected 
that  simulation  may  be  required  to  demonstrate  compliance.  Adequate 
motion  cues  should  be  available  to  simulate  the  acceleration  environment 
with  one-to-one  fidelity  for  at  least  2  seconds  following  the  failure. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3. 6. 4. 3  Yaw  axis  response  to  configuration  or  control  mode  change 


A.  SEASON  FOR  REQUIREMENT 


Pitch  transients  due  to  intentional  mode  switching  must  not  be 
excessive. 

1.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.5.6,  3.5.6. 1. 

C.  STATEMENT  OF  REQUIREMENTS  AND  RECOMMENDED  VALUES 


3. 6. 4. 3  Yaw  axis  response  to  configuration  or  control  mode  change. 
The  transient  motions  and  trim  changes  resulting  from  the  intentional 
engagement  or  disengagement  of  any  portion  of  the  primary  flight 

control  system  by  the  pilot  shall  be  such  that  dangerous  flying 
qualities  never  result.  With  controls  free,  the  transients  resulting 
from  these  situations  shall  not  exceed  the  following  limits  for  at 

least  _ seconds  following  the  transfer:  _ . 

These  requirements  apply  only  for  Aircraft  Normal  States,  within  the 
Service  Flight  Envelope. 


Recommended  Transient  motions  (within  first  2  sec  following  trans¬ 
fer):  The  lesser  of  ±5  degrees  sideslip  and  the  structural  limit. 

D.  RATIONALE  BEHIND  REQUIREMENT 

Since  the  Intent  of  a  flight  control  system  is  to  improve  the  air¬ 
craft  response  characteristics  —  whether  measured  by  improved  flying 
qualities  or  by  Increased  mission  effectiveness  —  any  system  which  can 
be  chosen  by  the  pilot  should  not  cause  noticeable  transient  motions. 

K.  GUIDANCE  FOR  APPLICATION 


No  specific  guidance  is  offered  except  that  tests  should  be  con¬ 
ducted  at  the  most  critical  flight  conditions. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  at  the  corners  of  the  expected  operational  envelopes 
for  any  control  systems  must  be  performed  (e.g.,  a  SAS  for  power  ap¬ 
proach  must  be  switched  at  the  highest  and  lowest  expected  airspeeds,  at 
low  altitudes)*  Limited  analytical  and  ground-based  simulation  may  be 
used  to  supplement  actual  flight  testing,  especially  in  the  early  stages 
of  development.  But  flight  testing  is  ultimately  required* 

6.  SUPPORTING  MIA 

None* 

H.  LESSONS  LEASHED 

None. 
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3. 6.4. 4 


Yaw  axis  response  to  stores  release 


A.  REASON  FOR  REQUIREMENT 


This  requirement  Is  Included  to  insure  that  stores  release  will  not 
have  an  adverse  effect  on  flying  qualities. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.4.6 


C.  STATEMENT  OF  REQUIREMENT 


3. 6. 4. 4  Yaw  axis  response  to  stores  release.  The  intentional 
release  of  any  stores  shall  not  result  in  objectionable  flight  charac¬ 
teristics  for  Levels  1  and  2.  However,  the  intentional  release  of 
stores  shall  never  result  in  dangerous  or  intolerable  flight  character¬ 
istics.  This  requirement  applies  for  all  flight  conditions  and  store 
loadings  at  which  normal  or  emergency  store  release  is  structurally 
permissible. 

D.  RATIONALE  BEHIND  THE  REQUIREMENT 


This  paragraph  is  unchanged  from  MIL-F-8785C.  It  is  a  necessary 
catch-all  requirement.  Because  of  the  variety  of  possibilities,  it  must 
be  left  qualitative.  Similar  pitch-  and  roll-axis  requirements  have 
been  specified  (3. 2. 7. 4,  3. 5. 8.4). 

E.  GUIDANCE  FOR  APPLICATION 

Evaluation  of  this  criterion  should  occur  as  a  natural  part  of 
operational  flight  testing.  It  is  not  subtle  and  requires  no  special 
analysis  or  interpretation. 

F.  DEMONSTRATION  OF  COMPLIANCE 


Operational  flight  test  will  be  necessary  for  final  demonstration. 
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6.  SUPPORTING  DATA 


None  available* 
H.  LESSONS  LEASHED 
None  available. 
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3. 6. 4. 5  Yaw  axis  response  to  armament  delivery 

A.  SEASON  foe  requirement 

This  requirement  is  included  to  insure  that  armament  delivery  will 
not  have  an  adverse  effect  on  flying  qualities  that  could  impair  mission 
effectiveness . 

B.  BELATED  MIL-F-8785C  REQUIREMENT 

3.4.7 

C.  STATEMENT  OF  REQUIREMENT 

3. 6. 4. 5  Yaw  axis  response  to  armament  delivery.  Operation  of  mov¬ 
able  parts  such  as  bomb  bay  doors,  cargo  doors,  armament  pods,  refueling 
devices,  and  rescue  equipment,  or  firing  of  weapons,  release  of  bombs, 
or  delivery  or  pickup  of  cargo  shall  not  cause  buffet,  trim  changes,  or 
other  characteristics  which  impair  the  tactical  effectiveness  of  the 
aircraft  under  any  pertinent  flight  conditions.  These  requirements 
shall  be  met  for  Levels  1  and  2. 

0.  RATIONALE  BEHIND  THE  REQUIREMENT 

This  paragraph  has  remained  unchanged  in  MIL-F-8785C  and  in  the  MIL 
Standard. 

8.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  similar  to  3. 6. 4. 4. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Operational  flight  test  should  be  required. 
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G.  SUPPORTING  DATA 


\ 

\ 

I 
1 
! 

None  available. 

H.  LESSONS  LEARNED 

None  available. 
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3.6.5 


Yaw  Axis  Control  Power 


A.  REASON  FOR  THIS  REQUIREMENT 

This  qualitative  requirement  is  based  on  the  fundamental  necessity 
to  establish  equilibrium  in  the  yaw  axis  in  the  presence  of  distur¬ 
bances.  Specific  requirements  are  given  in  Paragraphs  3. 6. 5.1  through 
3. 6. 5. 3. 


B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.5 


C.  STATEMENT  OF  REQUIREMENT 

3.6.5  Yaw  Axis  Control  Power.  Directional  stability  and  control 
characteristics  shall  enable  the  pilot  to  balance  yawing  moments  and 
control  yaw  and  sideslip. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  yaw  controller  must  always  be  sufficiently  powerful  to  overcome 

any  anticipated  yawing  moment.  This  requirement  allows  for  directional 

stability  (i.e.,  Cn  )  to  augment  the  control  power  (l.e.,  C,.  ,  ). 

B  6rp 

E.  GUIDANCE  FOR  APPLICATION 


The  requirement  should  be  applied  during  all  phases  of  development. 

F.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  will  be  required,  emphasizing  steady  sideslips  at  all 
conditions. 

G.  SUPPORTING  DATA 


None. 


H.  IESSONS  LEARNED 


3.6. 5.1  Yaw  axis  control  power  for  takeoff,  landing,  and  taxi 

A.  SEASON  FOR  REQUIREMENT 


This  paragraph  defines  yaw  control  power  for  operations  on  or  near 
the  ground,  especially  in  crosswinds. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3. 3. 7.1,  3.3. 7.2,  3. 3. 7. 2.1,  3. 3. 7. 2. 2,  3. 3. 7. 3 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 


3. 6. 5.1  Yaw  axis  control  power  for  takeoff,  landing,  and  taxi. 

a)  It  shall  be  possible  to  taxi  on  a  dry  surface  at  any 

angle  to  a  _  kt  wind. 

b)  In  taxi  on  wet,  snow-packed,  or  icy  runways,  directional 

control  shall  be  maintained  by  use  of  aerodynamic  con¬ 
trols  alone  at  all  airspeeds  above  _  kt.  For  very 

slippery  runways,  the  requirement  need  not  apply  for 
crosswind  components  at  which  the  force  tending  to  blow 
the  airplane  off  the  runway  exceeds  the  opposing  tire¬ 
runway  frictional  force  with  the  tires  supporting  all  of 
the  airplane's  weight. 

c)  In  the  takeoff  run,  landing  rollout,  and  taxi,  yaw  con¬ 
trol  power  shall  be  adequate  to  maintain  a  straight  path 
on  the  ground  or  other  landing  surface.  This  applies  to 
calm  air  and  in  crosswinds  up  to  the  values  specified  in 
3.6.3,  on  wet  runways  for  all  aircraft,  and  on  snow- 
packed  and  icy  runways  for  aircraft  intended  to  operate 
under  such  conditions. 

d)  Yaw  axis  control  power  shall  be  adequate  to  develop 
_  deg  of  sideslip  in  the  power  approach. 

e)  All  carrier-based  airplanes  shall  be  capable  of  maintain¬ 
ing  a  straight  path  on  the  ground  without  the  use  of 
wheel  brakes,  at  airspeeds  of  30  knots  and  above,  during 
takeoffs  and  landings  in  a  90-degree  crosswind  of  at 
least  0. 1  Vs  (L) . 
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Recommended  values: 


Wind  speeds  for  taxi: 

Class  I  airplanes:  35  kt 

Class  II,  III,  and  IV  airplanes:  45  kt 

Minimum  sideslip  in  power  approach:  10  deg 

Minimum  controllable  taxi  speeds : 

Class  IV  50  kt 

Others  30  kt 


D.  RATIONALE  BEHIND  REQUIREMENT 

Since  the  major  definitions  of  yaw  control  power  in  operations  near 
the  ground  are  concerned  with  sideslip  generation  or  compensation  for 
crosswinds,  this  paragraph  incorporates  the  relevant  MIL-F-8785C 
requirements  into  one  paragraph. 

E.  GUIDANCE  FOR  APPLICATION 

Application  of  this  requirement  as  stated  is  straightforward; 
however,  some  caution  should  be  exercised  in  applying  the  crosswinds 
specified  in  3*6.3,  since  actual  crosswinds  normally  include  unsteady 
gusts,  and  designing  to  just  meet  this  requirement  might  not  leave  a 
margin  of  safety  in  real  crosswind  operations. 

F.  DEMONSTRATION  OF  COMPLIANCE 

As  with  all  requirements  on  control  power,  it  is  desirable  to  show 
compliance  through  actual  testing.  However,  as  with  all  crosswind 
requirements,  this  can  be  difficult.  Operations  in  some  level  of  cross- 
winds  that  falls  within  the  maximum  specified  in  3.6.3  should  provide 
some  indication  of  trends.  Careful  analysis  to  extrapolate  these 
results  to  the  limits  of  this  paragraph  may  be  accepted  in  lieu  of 
further  testing. 
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6.  SUPPORTING  DATA 


None. 

H.  LESSONS  LEARNED 

None. 
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3. 6. 5. 2  Yaw  axis  control  power  for  two  engines  inoperative 


A.  REASON  FOR  REQUIREMENT 


This  paragraph  states  the  need  for  yaw  control  power  in  event  of  j 

failure  of  more  than  one  engine  or.  multi-engine  airplanes* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 9. 5 

C.  STATEMENT  OF  REQUIREMENT 

3. 6. 5.2  Yaw  axis  control  power  for  two  engines  inoperative.  At  the 
one-engine-out  speed  for  maximum  range  with  any  engine  initially  failed, 
upon  failure  of  the  most  critical  remaining  engine  the  yaw  control  power 
shall  be  adequate  to  stop  the  transient  motion  and  thereafter  to  main¬ 
tain  straight  flight  from  that  speed  to  the  speed  for  maximum  range  with 
both  engines  failed.  In  addition,  it  shall  be  possible  to  effect  a  safe 
recovery  at  any  service  speed  above  VQ  (CL)  following  sudden  simul¬ 
taneous  failure  of  the  two  critical  engines. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  rationale  for  this  requirement  is  self  evident;  it  is  taken 
essentially  intact  from  MIL-F-8785C. 

E.  GUIDANCE  FOR  APPLICATION 


The  specialized  nature  of  the  requirement,  as  well  as  the  general, 
qualitative  terms  in  which  it  is  worded,  makes  it  straightforward  to 
apply. 

F.  DEMONSTRATION  OF  REQUIREMENT 


Flight  testing  at  altitudes  covering  the  operational  envelope  will 
be  at  conditions  stated  by  the  requirements,  l.e.,  airspeeds  will  be 
either  speed  for  maximum  range  with  one  engine  out  or  representative 
speeds  above  vomin  (CL)* 
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SUPPORTING  DATA 


None. 

LESSONS  LEARNED 

None. 


r . 

3. 6. 5. 3  Yaw  axis  control  power  with  asymmetric  loading 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  assures  adequate  yaw  control  power  to  compensate 
for  any  specified  condition  of  asymmetric  loading. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3.3.5. 1.1 

C.  STATEMENT  OF  REQUIREMENT 

3. 6. 5. 3  Yaw  axis  control  power  with  asymmetric  loading.  When  ini¬ 
tially  trimmed  directionally  with  each  asymmetric  loading  specified  In 
Paragraph  3.1.1  at  any  speed  in  the  Operational  Flight  Envelope,  yaw 
control  power  shall  be  sufficient  to  maintain  a  straight  flight  path. 

D.  RATIONALE  BEHIND  REQUIREMENT 

1 

It  is  common  sense  that  specified  (i.e.,  anticipated)  conditions  of 
y  asymmetric  loading  should  not  cause  control  power  problems. 

E.  GUIDANCE  FOR  APPLICATION 

* 

This  requirement  is  intended  to  be  applied  in  conjunction  with 
3.6.6. 2.5,  yaw  axis  control  force  limits  with  asymmetric  loading. 

F.  DEMONSTRATION  OF  COMPLIANCE 
See  3. 6. 6. 2. 5. 

G.  SUPPORTING  DATA 
None . 

H.  LESSONS  LEARNED 

None  • 
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3. 6. 5. 4  Yaw  axis  control  power  for  stores  release 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  Is  included  to  insure  that  intentional  release  of 
stores  does  not  result  in  limitations  in  roll  control  power. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3.4.6,  3.3.4. 1.2 

C.  STATEMENT  OF  REQUIREMENT 

3. 6. 5. 4  Yaw  axis  control  power  for  stores  release.  Yaw  control 
power  shall  be  adequate  to  regain  straight  flight,  without  retrlmming, 
1  allowing  Intentional  release  of  any  stores  to  the  maximum  load  factors 
specified  in  3. 2. 8.2  with  adequate  control  margin. 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  is  effectively  a  new  requirement,  though  it  is  based  on  the 
general  requirement  of  8785C  that  stores  release  "shall  not  result  in 
objectionable  flight  characteristics."  This  has  been  translated  as 
requiring  sufficient  yaw  power  to  regain  straight  flight  with  any  stores 
loading . 

E.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  closely  related  to  the  roll  and  yaw  axis 
responses  to  stores  release,  3. 5. 8.4  and  3. 6. 4. 4,  and  to  the  similar 
roll  axis  requirement,  3. 5. 9. 6.  Ail  these  paragraphs  should  be 
considered  in  combination  for  application. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  of  the  stores  configurations  specified  in  3.1.3,  over 
the  applicable  range  of  flight  conditions,  must  be  conducted. 
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6.  SUPPORTING  DATA 


None. 

H.  LESSONS  LEARNED 

None. 
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3. 6. 5. 5  Yaw  axis  control  power  for  other  conditions 


A.  SEASON  FOR  REQUIREMENT 


This  catch-all  specification  is  Intended  to  assure  adequate  yaw 
control  power  in  any  situation  not  already  covered  in  the  Standard. 

B.  RELATED  MIL-F-B785C  REQUIREMENT 


3.4.10 


C.  STATEMENT  OF  REQUIREMENT 

3. 6. 5. 5  Yaw  axis  control  power  for  other  conditions.  Control 
authority,  rate  and  hinge  moment  capability  shall  be  sufficient  to 
assure  safety  throughout  the  combined  range  of  all  attainable  angles  of 
attack  (both  positive  and  negative)  and  sideslip.  This  requirement 
applies  to  the  prevention  of  loss  of  control  and  to  recovery  from  any 
situation  for  all  maneuvering,  including  pertinent  effects  of  factors 
such  as  regions  of  control-surface-fixed  instability,  inertial  coupling, 
fuel  slosh,  the  Influence  of  symmetric  and  asymmetric  stores,  stall/ 
post-stall/spin  characteristics,  atmospheric  disturbances  and  Aircraft 
Failure  States  (maneuvering  flight  appropriate  to  the  Failure  State  is 
to  be  Included).  Consideration  shall  be  taken  of  the  degrees  of  effec¬ 
tiveness  and  certainty  of  operation  of  limiters,  c.g.  control  malfunc¬ 
tion  or  mismanagement,  and  transients  from  failures  in  the  propulsion, 
flight  control  and  other  relevant  systems. 

D.  RATIONALE  BEHINT/  REQUIREMENT 


The  other  paragraphs  falling  under  3.6.5  cover  all  normal,  antici¬ 
pated  situations  for  yaw  control  power.  This  paragraph  is  added  to 
cover  any  unusual  or  unspecified  conditions  that  might  be  encountered  in 
flight. 

E.  GUIDANCE  FOR  APPLICATION 


Due  to  its  broad  generality  the  requirement  should  be  applied  for 
all  phases  of  analysis,  simulation,  and  flight  test.  Excessive  sta¬ 
bility,  as  well  as  excessive  instability,  of  the  basic  airframe  is  of 
concern  with  respect  to  available  control  authority  and  rate. 
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demonstration  of  compliance 

See  the  similar  pitch-axis  requirement,  3. 2. 8. 5. 


SUPPORTING  DATA 

None, 


LESSONS  LEARNED 


3.6.6 


Yaw  Axis  Control  Forces 


A.  REASON  FOR  REQUIREMENT 

This  requirement  is  included  as  a  direct  carryover  from  MIL-F-8785C, 
where  it  served  as  a  qualitative  criterion  on  rudder  sensitivity.  It 
also  was  offered  as  a  "catchall"  requirement  to  Insure  that  balancing 
moments  can  be  achieved  in  the  yaw  axis. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3.5 

C.  STATEMENT  OF  REQUIREMENT 


3.6.6  Yaw  Axis  Control  Forces .  Sensitivity  to  yaw  control  pedal 
forces  shall  be  sufficiently  high  that  directional  control  and  force 
requirements  can  be  met  and  satisfactory  coordination  can  be  achieved 
without  unduly  high  control  forces,  yet  sufficiently  low  that  occasional 
improperly  coordinated  control  inputs  will  not  cause  a  degradation  in 
flying  qualities  Level. 

D.  RATIONALE  BEHIND  REQUIREMENT 


A  quantitative  requirement  for  yaw  control  force/position  gradients 
is  not  included  in  the  Standard,  since  there  are  little  data  for  defin¬ 
ing  such  a  requirement.  Instead,  this  requirement  qualitatively  limits 
the  range  of  acceptable  force  gradients.  Subparagraphs  in  this  section 
place  limitations  on  maximum  allowable  gradients  and  forces. 

E.  GUIDANCE  FOR  APPLICATION 


From  the  basic  nature  of  this  requirement  it  is  clear  that  it  should 
be  easily  met  by  proper  control  design  in  the  early  stages  of  develop¬ 
ment  . 
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F.  DBfONSTKATIOII  OF  COMPLIANCE 


In  general,  flight  testing  for  compliance  with  any  of  the  yaw  axis 
requirements  should  reveal  any  problems  with  meeting  this  requirement* 
Special  attention  should  be  given  when  testing  for  compliance  with  the 
maximum  force  requirements  that  follow,  since  these  can  be  considered 
subsets  of  this  general  statement • 

6.  SUPPORTING  DATA 

None* 

H.  LESSORS  LEARNED 

None* 


l 

1 
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3.6.6. 1  Yaw  axis  control  force  linearity 


A.  REASON  FOR  REQUIREMENT 


For  reasonable  sideslip  angles,  the  forces  required  from  the  pilot 
should  be  of  a  normal  sense,  and  linear  with  sideslip. 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 
3.3.6,  3.3.6. 1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 6. 6.1  Yaw  axis  control  force  linearity.  The  following  require¬ 
ments  are  expressed  In  terms  of  characteristics  In  yaw-control-induced 
steady,  zero-yaw-rate  sideslips  with  the  airplane  trimmed  for  wlngs- 
level  straight  flight,  at  sideslip  angles  up  to  those  produced  or 
limited  by: 

a)  Full  yaw-control-pedal  deflection,  or 

b)  250  pounds  of  yaw-control-pedal  force,  or 

c)  Maximum  roll  control  or  surface  deflection, 

except  that  for  single-propeller-driven  airplanes  during  waveoff  (go- 
around),  yaw-control-pedal  deflection  in  the  direction  opposite  to  that 
required  for  wings-level  straight  flight  need  not  be  considered  beyond 
the  deflection  for  a  10-degree  change  In  sideslip  from  the  wings-level 
straight  flight  condition. 

Right  yaw-control-pedal  force  shall  produce  left  sideslips  and  left 
yaw-control-pedal  force  shall  produce  right  sideslips.  For  Levels  1 
and  2  the  following  requirements  shall  apply.  The  variation  of  sideslip 
angle  with  yaw-control-pedal  force  shall  be  essentially  linear  for  side¬ 
slip  angles  between  _  degrees  and  _  degrees .  Although  a  lightening 

of  pedal  force  is  acceptable  for  sideslip  angles  outside  this  range,  the 
pedal  force  shall  never  reduce  to  zero. 

Recommended  sideslip  angle  range  is  +10  deg  to  -10  deg. 


A  "A  * 
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D.  RATIONALE  BEHIND  REQUIREMENT 


Paragraph  3. 6. 1.1.2,  the  steady-state  requirement  for  yaw  response 
to  yaw  controller,  specifies  yaw  pedal  deflection  characteristics.  This 
requirement  augments  that  paragraph  by  similarly  defining  the  force 
characteristics, 

E.  GUIDANCE  FOR  APPLICATION 

The  applicable  sideslips  and  sideslip  range  for  this  requirement 
adequately  cover  conditions  expected  in  operational  flight.  The  re¬ 
quirement  is  straightforward  in  wording,  and  should  be  so  in  application 
as  well, 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  at  trimmed  steady  sideslips  should  be  performed  with 
the  airplane  configured  for  most  aft  center  of  gravity.  Test  conditions 
should  cover  the  service  speed  range  at  the  minimum,  intermediate,  and 
maximum  operational  altitudes, 

G.  SUPPORTING  DATA 
None, 

H.  LESSONS  LEARNED 

None, 
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3.6.6. 2 


Yaw  axis  control  force  limits 


3. 6. 6. 2.1  Yaw  axis  control  force  limits  in  rolling  maneuvers 


A.  REASON  FOR  REQUIREMENT 


This  paragraph  is  aimed  at  insuring  that  full  coordination  can  be 
achieved  during  rapid  turn  entries  and  exits  as  well  as  during  steady 
rolls  with  reasonable  rudder-pedal  forces. 

B.  RELATED  WL-F-8785C  REQUIREMENT 

3. 3. 2. 5 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALDES 

3 . 6 . 6 . 2 . 1  Yaw  axis  control  force  limits  in  rolling  maneuvers.  In 
the  maneuvers  described  in  3.5.9,  directional-control  effectiveness 
shall  be  adequate  to  maintain  zero  sideslip  with  pedal  force  not  greater 
than  lb . 


Recommended  values: 


Class 

Flight  Phase 
Category 

Level 

Maximum  Pedal 
Force,  lb 

IV 

A 

1 

50 

All 

2-3 

100 

All  others 

All 

All 

100 

D.  RATIONALE  BEHIND  REQUIREMENT 

Yaw  control  forces  required  for  the  rolling  maneuvers  of  3.5.9 
should  be  at  reasonably  low  levels. 

E.  GUIDANCE  FOR  APPLICATION 


If  the  yaw  control  forces  required  to  coordinate  the  rolls  specified 
in  3.5.9  seem  excessive  to  the  pilot,  this  requirement  can  be  utilized 
to  define  an  upper  limit. 


F.  DEMONSTRATION  OF  COMPLIANCE 

Yaw  pedal  forces  should  be  recorded  during  testing  for  compliance 
with  3.5.9.  No  specific  maneuvers  are  required  for  this  paragraph. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEASHED 

None. 
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3. 6. 6.2.2  Yaw  axis  control  force  limits  in  steady  turns 

▲.  REASON  ION  REQUIREMENT 

The  objective  of  this  requirement  is  to  insure  that  only  modest  yaw 
pedal  forces  are  required  when  performing  coordinated  turns* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 2. 6 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.6. 6.2.2  Yaw  axis  control  force  limits  in  steady  turns.  It  shall 
be  possible  to  maintain  steady  coordinated  turns  in  either  direction, 

using _  deg  of  bank  with  a  pedal  force  not  exceeding _  lb,  with  the 

airplane  trimmed  for  wings-level  straight  flight.  These  requirements 


i 1 

constitute  Levels  1  and  2. 

Recommended  values: 

Airplane 

Bank  Angle 

Maximum  Pedal 

t 

Class 

...  (deR) 

Force  (lb) 

n 

I,  II 

45 

40 

/ 

III 

30 

40 

■n 

IV 

60 

40 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  maximum  allowable  pedal  forces  should  be  relatively  small  for 
banked  turns,  where  the  application  of  such  forces  will  be  sustained  for 
some  time.  The  forces  specified  herein  are  upper  limits  and  good  design 
practice  would  dictate  considerably  lower  forces. 

E.  GUIDANCE  FOR  APPLICATION 

This  requirement  applies  to  Levels  1  and  2  only,  since  it  is  ex¬ 
pected  that  Level  3  operations  would  not  Involve  steady,  large-bank- 
angle  turns. 


^wt-idWhlwrft' 
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r.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  at  the  specified  bank  angle,  at  the  minimum  opera¬ 
tional  velocity,  presents  the  most  potential  for  large  yaving  moments. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 


3. 6. 6. 2. 3  Yaw  axis  control  force  limits  during  speed  changes 


A.  REASON  FOR  REQUIREMENT 


This  paragraph  is  Included  to  insure  that  speed  effects  on  yawing 
moment  do  not  require  unreasonably  large  yaw  pedal  forces  to  maintain 
trim. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3.5. 1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 6. 6. 2.3  Yaw  axis  control  force  limits  during  speed  changes.  When 
initially  trimmed  directionally  with  symmetric  power,  the  trim  change 
with  speed  shall  be  such  that  wings-level  straight  flight  can  be  main- 


tained  over  a  speed  range  of  ±30  percent  of  the  trim  speed  or  ±100  kt 
equivalent  airspeed,  whichever  is  less  (except  where  limited  by  boun¬ 
daries  of  the  Service  Flight  Envelope)  with  yaw-control-pedal  forces  not 
greater  than _  lb  without  retrlmmlng. 

Recommended  values : 

Propulsion  Type 

Level 

Maximum  Pedal 

Force  (lb) 

Propeller 

1  and  2 

3 

100 

180 

All  others 

1  and  2 

3 

40 

180 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  maximum  allowable  forces  are  divided  by  type  of  propulsion.  The 
large  forces  associated  with  sidewash  and  asymmetric  blade  loading 
result  in  a  relaxation  of  the  requirement  for  propellers. 

E.  GUIDANCE  FOR  APPLICATION 


None  required. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Acceleration/deceleration  runs  must  be  performed  to  cover  the  speed 
range  specified  by  this  requirement.  Testing  should  be  accomplished  in 
all  operational  configurations. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEASHED 


None . 
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3.6. 6. 2.4  Yaw  axis  control  force  limits  In  crosswinds 


A.  REASON  FOR  RE  QUIESCENT 

This  requirement  is  included  to  provide  limits  on  the  yaw  pedal 
forces  required  for  crosswind  takeoffs  and  landings. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.3.7 


C.  STATEMENT  OR  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 6. 6. 2.4  Yaw  axis  control  force  limits  in  crosswinds.  It  shall  be 
possible  to  take  off  and  land  in  the  crosswinds  specified  in  3.6.3 
without  exceeding  the  following  yaw  control  forces:  _ . 

Recommended  values: 

Level 
1 

2  and  3 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  allowable  maximum  pedal  forces  for  crosswind  operations  are 
somewhat  high,  but  this  is  a  result  of  the  fact  that  such  operations  are 
generally  of  very  short  duration. 

E.  GUIDANCE  FOR  APPLICATION 

Paragraph  3.6.3,  "Yaw  axis  control  for  takeoff  and  landing  in 
crosswinds,"  specifies  the  crosswind  component  to  be  applied  for  this 
requirement.  Obviously  the  emphasis  in  this  requirement  is  to  limit  the 
effort  required  of  the  pilot.  The  recommended  limits  are  taken  directly 
from  MIL-F-8785C.  However,  they  are  felt  to  be  quite  high  for  continu¬ 
ous  maneuvering,  and  in  fact  may  be  excessive  for  female  pilots.  It  is 


Maximum  Pedal 
Force  (lb) 

100 

180 
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recommended  that  the  procuring  activity  consider  lower  limits  on  new 
aircraft*  Reference  257  shows  that  of  61  men  and  61  women  tested  in  a 
short-duration  (4  second)  force  test,  almost  all  could  exert  180  lb  to 
rudder  pedals*  However,  continuous  maneuvering  would  likely  be 
difficult  for  male  or  female  pilots* 

F.  DEMONSTRATION  OF  COMPLIANCE 

Compliance  should  be  demonstrated  by  performing  takeoffs  and  land¬ 
ings  in  the  actual  crosswinds  stated  in  3*6*3*  The  use  of  simulation  is 
not  recommended  because  of  the  difficulty  in  developing  an  accurate 
model  of  the  landing  gear  dynamics. 

G.  SUPPORTING  DATA 

None* 

H.  LESSONS  LEARNED 

None. 
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3.6.6. 2.5  Yaw  axis  control  force  limits  with  asymmetric  loading 


A.  REASON  FOR  REQUIREMENT 

This  requirement  is  included  to  insure  that  conditions  of  asymmetric 
loading  do  not  result  in  excessive  yaw  pedal  force  demands  on  the  pilot. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 5. 1.1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMCENDED  VALUES 


3.6.6. 2.5  Yaw  axis  control  force  limits  with  asymmetric  iding. 
When  initially  trimmed  directionally  with  each  asymmetric  loadit  ieci- 
fied  in  Paragraph  3.1.1  at  any  speed  in  the  Operational  Flight  1  lope, 
it  shall  be  possible  to  maintain  a  straight  flight  path  throuf  *  the 
Operational  Plight  Envelope  with  yaw-control-pedal  forces  not  :  cer 
than  _  lb  without  retrimming. 


D.  RATIONALE  BEHIND  REQUIREMENT 

Asymmetric  external  loading,  whether  a  result  of  normal  or  unusual 
delivery  or  dropping  of  loads,  should  not  place  unrealistically  large 
demands  on  the  pilot  • 

B.  GUIDANCE  FOR  APPLICATION 


If  conditions  of  asymmetric  loading  are  expected  to  be  regularly 
encountered,  the  procuring  activity  may  want  to  reduce  the  yaw  control 
force  limits.  The  recommended  limits  have  been  taken  from  MIL-F-8785C 
and  180  lb  seems  unreasonably  high  (see  Para.  3.6. 6.2.4), 
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F.  DEMOB STRATI OH  OF  COMPLIANCE 


Flight  testing  with  the  aircraft  configured  as  specified  in  3>1<1 
should  be  conducted  throughout  the  Operational  Envelope. 

G.  SUPPORTING  DATA 

None* 

H.  LESSONS  LEARNED 

None. 
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3. 6. 6.2.6  Yaw  axis  control  force  limits  In  dives  and  pullouts 

A.  REASON  FOR  REQUIREMENT 


This  requirement  Is  Included  to  place  limits  on  the  yaw  pedal  force 
required  to  perform  dives  that  will  be  required  by  the  specified  mis¬ 
sion* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.3.8 


C.  STATEMENT  OF  REQUIREMENTS  &ND  RECOMMENDED  VALUES 

3. 6. 6. 2. 6  Yaw  axis  control  force  limits  in  dives  and  pullouts. 
Throughout  the  dives  and  pullouts  of  3. 2.9. 7.3,  yaw-control-pedal  forces 

shall  not  exceed  _  lb  in  dives  and  pullouts  to  the  maximum  speeds 

specified  In  the  Service  Flight  Envelope. 


Recommended  values: 


Propulsion 

Maximum  Pedal 

Type  . 

Force  (lb) 

Propeller 

180 

Other 

50 

D.  RATIONALE  BEHIND  REQUIREMENT 

As  for  Paragraph  3. 6. 6. 2. 3,  "Yaw  axis  control  force  limits  during 
speed  changes,"  the  maximum  pedal  forces  are  much  larger  for  propeller- 
driven  aircraft. 

E.  GUIDANCE  FOR  APPLICATION 


It  is  evident  that  this  requirement  is  most  valuable  only  if  dives 
are  specified  by  the  procuring  activity,  or  expected  in  normal  service. 
Otherwise,  the  more  stringent  requirements  of  Paragraph  3. 6.6. 2.3  should 


easily  assure  that  this  paragraph  is  met.  As  with  earlier  requirements, 
the  recommended  limits  seem  unreasonably  high  for  female  pilots  (see 
Para.  3. 6. 6. 2. 4). 

F.  DEMON STRATI OH  OF  COMPLIANCE 

If  dives  are  specified  as  normal  operations,  flight  testing  must 
cover  the  range  of  such  dives.  Otherwise,  some  amount  of  dive  and 
pullout  testing  should  be  performed. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3. 6. 6. 2. 7  Yaw  axis  control  force  limits  for  go-around 


A.  REASON  FOR  REQUIREMENT 


The  possibility  of  large,  transient  yaw  pedal  force  requirements  on 
initiation  of  go-arounds  necessitates  a  limit* 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 3. 5. 2 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3. 6. 6. 2. 7  Yaw  axis  control  force  limits  for  go-around.  The 
response  to  thrust,  configuration  and  airspeed  change  shall  be  such  that 
the  pilot  can  maintain  straight  flight  during  go-around  initiated  at 
speeds  down  to  Vg  (PA)  with  yaw-control-pedal  forces  not  exceeding 

_  lb  when  trimmed  at  VQ  (PA).  The  preceding  requirements  apply  for 

Levels  1  and  2.  The  Levei3  requirement  is  to  maintain  straight  flight 

in  these  conditions  with  yaw-control-pedal  forces  not  exceeding  _  lb. 

Bank  angles  up  to  5  deg  are  permitted  for  all  Levels. 


Recommended  values: 
Levels  1  and  2 


For  propeller-driven  Class  IV, 
and  all  propeller-driven 
carrier-based  aircraft  •  .  • 

All  others  . 

Level  3 


Maximum  Pedal 
Force  (lb) 


100 

40 


All 


180 


D.  RATIONALE  BEHIND  REQUIREMENT 

Pedal  forces  tend  to  be  very  high  during  a  go-around  due  to  the 
large  change  in  configuration  that  occurs  between  the  approach  and  go- 
around.  The  requirement  values  were  taken  directly  from  MIL-F-8785C. 


E.  GUIDANCE  FOR  APPLICATION 


This  very  Important  requirement  should  be  applied  for  all  airplanes, 
at  various  weights  and  loadings,  to  assure  that  go-arounds  will  not 
overtax  the  pilot.  The  limits  recommended  for  propeller -driven  aircraft 
may  be  excessive  for  extended  operations  (see  Para,  3, 6, 6, 2,4  and  Refer¬ 
ence  257)  and  are  retained  here  only  because  they  appeared  In  MIL-F- 
8785C.  They  should  be  lowered  if  appropriate  data  can  be  made  avail¬ 
able, 

F.  DEMONSTRATION  OF  COMPLIANCE 

Go-arounds  may  be  simulated  at  a  safe  (but  low)  altitude,  covering 
the  speed  range  specified, 

G.  SUPPORTING  nATA 

None, 


H.  LESSONS  LEARNED 


f 


3. 6. 6. 2. 8  Yaw  axis  control  force  limits  for  asymmetric  thrust  during 
takeoff 


A.  REASON  FOR  REQUIREMENT 


This  requirement  is  included  to  Insure  that  the  loss  of  one  or  more 
engines  on  a  multi-engine  aircraft  on  takeoff  does  not  place  unreason¬ 
ably  large  force  demands  on  the  pilot. 

B.  RELATED  MXL-F-8785C  REQUIREMENTS 
3. 3. 9.1,  3. 3. 9. 2 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 


3. 6. 6. 2. 8  Yaw  axis  control  force  limits  for  asymmetric  thrust 

during  takeoff. 

a)  During  the  takeoff  ground  run  it  shall  be  possible  to 
achieve  and  maintain  a  straight  path  on  the  takeoff 

surface  without  a  deviation  of  more  than  _  ft  from 

the  path  originally  intended,  with  yaw-control  forces 
not  exceeding _ lb. 

b)  For  the  continued  takeoff  it  shall  be  possible,  with¬ 
out  a  change  in  selected  configuration,  to  achieve 
straight  flight  following  sudden  asymmetric  loss  of 
thrust  from  the  most  critical  propulsive  source  at 
speeds  from  V  .  (TO)  to  'fmSLX  (TO),  and  thereafter  to 
maintain  straight  flight  throughout  the  climbout  with¬ 
out  exceeding  a  maximum  yaw  control  pedal  force  of 

lb. 


c)  For  the  aborted  takeoff  the  requirements  above  shall 
be  met  at  all  speeds  below  the  maximum  takeoff  speed; 
however,  additional  controls  such  as  nosewheel  steer¬ 
ing  and  differential  braking  may  be  used.  Automatic 
devices  that  normally  operate  in  the  event  of  a  thrust 
failure  may  be  used  in  either  case. 


Recommended  values; 

Maximum  path  deviation:  30  ft 

Maximum  yaw  pedal  forces:  180  lb 
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D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  is  a  compilation  of  two  paragraphs  of  MIL-F-8785C, 
to  cover  ground  run  and  continued  or  aborted  takeoffs.  The  objective  of 
the  requirement  is  to  insure  that,  following  loss  of  thrust  during  the 
takeoff  run,  the  pilot  can  either  safely  abort  or  safely  continue  the 
takeoff  and  climbout  without  loss  of  directional  control* 

E.  GUIDANCE  FOE  APPLICATION 

As  with  all  the  yaw  control  force  limits,  this  one  seems  excessive 
(see  Para*  3* 6. 6. 2. 4)*  This  requirement  seems  particularly  Important 
because  of  the  obvious  safety  implications.  While  no  effort  has  been 
made  to  produce  hard  data,  FAR  Part  23  limits  prolonged  yaw  control 
forces  to  120  lb.  This  seems  like  a  useful  interim  value  until  better 
data  can  be  obtained. 

F.  DEMONSTRATION  OF  COMPLIANCE 

With  the  airplane  configured  at  its  lightest  weight,  simulated 
engine-out  takeoffs  must  be  performed  in  the  conditions  specified  by  the 
requirement.  Simulation  is  not  recommended  for  the  ground  roll  portion 
of  this  requirement  because  of  the  known  problems  with  developing  an 
accurate  landing  gear  model. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.6.6. 2.9  Yaw  axis  control  force  limits  with  failures 


A.  REASON  FOR  REQUIREMENT 

This  requirement  is  Included  to  place  limits  on  the  maximum  force  to 
counter  yaw  trim  change  after  a  failure  of  any  portion  of  the  primary 
flight  control  system. 


B.  RELATED  KIL-F-8785C  REQUIREMENT 

3. 5.5. 2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMfENDED  VALUES 

3. 6. 6. 2. 9  Yaw  axis  control  force  limits  with  failures.  The  change 
in  yaw  control  force  required  to  maintain  constant  heading  following  a 

failure  shall  not  exceed  _  lb  for  at  least  5  seconds  following  the 

failure. 


Recommended  value: 

Maximum  yaw  control  force:  50  lb 

D.  RATIONALE  BEHIND  REQUIREMENT 

It  is  necessary  to  have  limits  on  the  control  forces  required  to 
hold  heading  following  flight  control  system  failures.  It  seems 
reasonable  to  state  a  time  limit  during  which  this  requirement  applies. 
Two  seconds  generally  should  be  time  enough  for  the  pilot  to  detect  a 
significant  transient  and  react,  and  it  should  be  possible  to  retrim 
after  5  seconds. 

E.  GUIDANCE  FOR  APPLICATION 

The  requirement  will  apply  for  all  failures  specified  in  3.1.6. 


T.  DEMONSTRATION  Of  COMPLIANCE 

Flight  testing  must  encompass  the  most  critical  areas  for  specified 
failures  unless  safety  considerations  prohibit  such  testing,  in  which 
case  simulation  should  be  sufficient  to  demonstrate  compliance  (in 
f light). 

6.  SUPPORTING  DATA 


None* 


H.  LESSONS  LEASHED 


None. 


3.6.6.2.10  Yaw  axis  control  force  limits  —  configuration  or  control 
mode  change 


A.  REASON  FOR  REQUIREMENT 


This  requirement  is  Included  to  provide  limits  on  the  transient  yaw 
pedal  forces  necessary  following  a  transfer  to  alternate  control  modes. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 5. 6.  2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUE 


3.6.6.2.10  Yaw  axis  control  force  limits  —  configuration  or 
control  mode  change.  The  change  in  yaw  control  force  required  to 
maintain  zero  sideslip  following  intentional  engagement  or  disengagement 
of  any  portion  of  the  primary  flight  control  system  by  the  pilot  shall 

not  exceed  the  following  limits:  _ *  These  requirements 

apply  only  for  Aircraft  Normal  States. 


It  is  recommended  that  for  at  least  5  seconds  following  the  mode 
change  the  change  in  yaw  control  force  not  exceed  10  lb  above  basic 
controller  breakout  force. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  transfer  to  an  alternate  control  mode  should  occur  with  a  negli¬ 
gible  transient.  The  recommended  value  of  10  lb  above  breakout  is  a 
result  of  a  reduction  from  the  50  lb  used  in  Paragraph  3. 5.6.2  of  MIL-F- 
8785C,  which  seems  unreasonably  large.  While  there  are  no  hard  data 
upon  which  to  base  this  number,  it  is  given  as  a  recommended  value  only 
to  show  that  a  significant  transient  when  transferring  control  modes  is 
not  acceptable. 
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K.  GUIDANCE  FOR  APPLICATION 


This  requirement  has  been  of  minimal  importance  in  the  past ;  how¬ 
ever,  with  development  of  direct  force  control  augmentation  (for 
example.  Paragraph  3.6. 1.2),  the  impact  of  this  requirement  will 
increase. 

r.  DEMONSTRATION  OF  COMPLIANCE 

Demonstration  will  involve  mode  switching  at  representative  alti¬ 
tudes  throughout  the  Operational  Flight  Envelope,  focusing  on  those 
areas  of  airspeed,  altitude,  and  task  that  would  produce  the  largest 
transients  between  the  two  modes  involved. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

None. 
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3.7 


HANDLING  QUALITY  REQUIREMENTS  FOR  LATERAL  FLIGHT  PATH  AXIS 


3.7.1  Bandwidth  Requirement  for  Lateral  Translation 

A.  REASON  FOR  REQUIREMENT 

This  requirement  Is  Included  to  specify  the  response  characteristics 
of  aircraft  that  utilize  direct  force  control  (DFC)  In  the  lateral 
translation  mode.  This  mode  allows  changes  In  lateral  position  to  occur 
at  zero  bank  angle  and  without  any  change  In  heading.  It  Is  sometimes 
referred  to  as  the  "$2  mode."  A  sketch  of  the  airplane  motions,  with  a 
summary  of  useful  features  of  this  mode.  Is  given  below  (taken  from 
Reference  229). 


•  (OF  AL  FOR  SMALL  •  USEFUL  FOR  AIR  TO  •  NATURAL  CONTROL  FOR 

LATERAL  POSITION  OROUNO  TRACKING  CROSSWIND  DRIFT  ANO 

CORRECTIONS  CORRECTIONS  GROUND  TARGET  MOTION 


B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.4.11 

C.  STATEMENT  OF  REQUIREMENT 


3.7.1  Bandwidth  Requirement  for  Lateral  Translation. 

a)  Dynamic  response  to  direct  force  control  Input. 
The  bandwidth  of  the  open-loop  response  of 
lateral  position  to  lateral  translation  control 

input  shall  be  greater  than  _  for  Flight 

Phase  _ .  Lateral  translations  shall  occur  at 

essentially  zero  bank  angle  and  zero  change  In 
heading. 


1 


b)  Steady-state  response  to  lateral  translation  con¬ 

trol  input »  Maximum  force  control  Input  shall 
produce  at  least  _  degrees  of  sideslip* 

c)  Lateral  translation  control  forces  and  deflec¬ 

tions  .  Use  of  the  primary  lateral  translation 
control  shall  not  require  use  of  another  control 
manipulator  to  meet  Requirement  a) .  The  control¬ 
ler  characteristics  shall  meet  the  following 
requirements :  _ * 

d)  Pilot  accelerations.  Abrupt,  large  control 
Inputs  shall  not  produce  pilot  head  or  arm 
motions  which  interfere  with  task  performance. 
Pilot  restraints  shall  not  obstruct  the  crew's 
normal  field  of  view  nor  interfere  with  manipula¬ 
tion  of  any  cockpit  control  required  for  task 
performance. 


Recommended  values  (Part  a);  There  are  no  data  of  sufficient 
quality  upon  which  to  set  a  lower  limit  on  lateral  position  bandwidth. 
Until  the  required  data  become  available,  the  following  qualitative 
requirement  should  be  applied:  Lateral  translation  response  to  control 
inputs  shall  be  acceptable  to  the  crew  in  performing  the  mission  tasks. 

Recommended  values  (Part  b):  It  is  recommended  that  it  should  be 
possible  to  generate  at  least  4  deg  of  sideslip  at  the  flight  conditions 
where  lateral  translation  is  to  be  utilized. 

Recommended  values  (Part  c) :  If  conventional  cockpit  controls  are 
to  be  used  as  the  DFC  controller,  the  requirements  for  these  controls 
provides  some  guidance,  i.e..  Paragraph  3.6.6  for  rudder  pedals  and 
3. 5. 10  for  stick. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  rationale  for  using  a  bandwidth  criterion  for  DFC  modes  is  given 
in  the  discussion  in  Paragraph  3. 6. 1.2.1. 

K.  GUIDANCE  FUR  APPLICATION 

Procedures  to  be  followed  in  applying  the  bandwidth  criterion  are 
given  in  "Guidance  for  Application"  and  "Demonstration  of  Compliance" 
for  Paragraph  3.6. 1.2.1. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Because  of  the  scarcity  of  data  upon  which  to  base  a  limiting  value 
of  bandwidth  for  this  mode,  there  are  no  firm  values  recommended.  Until 
better  data  are  obtained  the  final  compliance  with  this  requirement 
should  be  based  on  flight  test.  In  fact,  the  data  generated  during  such 
tests  should  be  utilized  to  upgrade  the  requirements. 

6.  SUPPORTING  DATA 

The  only  supporting  data  available  are  the  F-16  CCV  (Reference  229) 
and  two  configurations  flight  tested  in  Reference  115.  The  Refer¬ 
ence  115  data  are  shown  below  in  Table  1.  Unfortunately,  the  control 
sensitivities  were  not  optimized,  which  tended  to  obscure  the  results. 
Hence  it  was  not  possible  to  define  specific  limits  on  bandwidth  for  the 
lateral  translation  mode.  However,  the  results  are  presented  here  to 
provide  some  insight. 


TABLE  1  (3.7.1) 

SUMMARY  OF  COOPER -HARPER  PILOT  RATINGS  FOR  LATERAL 
TRANSLATION  MODE  (REFERENCE  115) 


CONFIGU- 

BANDWIDTH 

FORMATION 

AIR  TO  AIR 

RATION 

(rad/sec) 

MP 

WN 

RH 

KO 

MP 

WN 

RH 

KO 

LTl 

1.5 

2.5 

2.5 

— 

3 

6 

4 

5 

* 

LT 1Y 

4.0 

5 

— 

— 

3.5 

— 

5 

2.5 

m 

• 

CSI 

Configuration  LT1Y  was  developed  to  test  the  bandwidth  hypothesis  by 
increasing  the  inherent  bandwidth  of  Configuration  LT1  via  favorable  yaw 
coupling.  Unfortunately,  the  control  sensitivities  were  not  systema¬ 
tically  varied  for  the  LT1Y  configuration.  A  review  of  the  pilot 
comments  indicated  that  the  primary  deficiency  of  the  LT1Y  mode  was  the 
Jerky  or  abrupt  nature  of  heading  changes  to  CCV  control  inputs.  Such 
comments  are  typical  for  aircraft  with  excessive  control  sensitivity, 
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and  the  evaluation  of  Configuration  LT1Y  cannot  be  confidently  ascribed 
to  its  dynamics  or  compared  directly  with  Configuration  LT1.  The 
scatter  in  pilot  ratings  for  LT1Y  in  Table  1  is  probably  a  measure  of 
the  degree  to  which  each  pilot  objected  to  excessive  control  sensi¬ 
tivity. 

The  F-I6  CCV  lateral  translation  mode  was  simply  a  decoupling  of 
axes  so  that  pure  translation  resulted  from  DFC  inputs.  From  Refer¬ 
ence  115  (page  13)  the  lateral  velocity  response  for  a  perfectly 
decoupled  aircraft  is 


It  follows  that  the  basic  response  of  the  lateral  translation  (82)  mode 
is  limited  by  the  Inverse  time  constant  Yv,  which  tends  to  be  a  small 
number,  on  the  order  of  0.2  to  0.3,  for  contemporary  aircraft  (0.25  for 
the  F-16).  Physically  this  means  that  even  with  perfect  decoupling  the 
lateral  translation  mode  could  require  a  special  piloting  technique  due 
to  a  tendency  for  the  aircraft  to  continue  drifting  laterally  upon 
release  of  the  CCV  control.  An  example  of  this  is  quoted  below  from 
Reference  229  (CCV  Flight  No.  38-F16): 

A  technique  not  previously  evaluated  using  lateral  trans¬ 
lation  involves  reversing  the  command  before  the  original 
side  velocity  had  coasted  to  a  stop,  thereby  providing 
increased  deceleration  to  expedite  the  stop.  This  method 
of  operation  substantially  improved  the  usefulness  of  the 
&2  mode.  In  previous  evaluations  of  this  mode  the  side 
velocity  was  allowed  to  coast  to  a  stop  after  the  applied 
command  was  removed . 

The  above  pilot  commentary  indicates  that  the  basic  DFC  response  was 
unacceptably  slow  (low  Yv),  but  that  a  special  piloting  technique  could 
be  utilized  to  make  the  mode  acceptable,  that  is,  effectively  generating 
lead  to  augment  Yy.  It  follows  logically  that  a  more  successful  lateral 
translation  mode  could  be  developed  by  augmenting  Yv  via  feedback  of 
sideslip  to  the  direct  side  force  controller.  This  of  course  has  impli¬ 
cations  on  the  frequency  response  characteristics  of  the  servo  drive  as 
well  as  the  authority  required  for  the  direct  side  force  control. 
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A  Yy  of  0.25  results  In  a  lateral  position  bandwidth  of  about  0.3. 
The  above  commentary  indicates  that  this  value  of  bandwidth  corresponds 
more  to  Level  2  than  to  Level  1  flying  qualities.  Hence,  the  minimum 
acceptable  bandwidth  (for  the  formation  flying  task)  lies  somewhere 
between  0.3  rad/sec  and  1.5  rad/sec  (see  Table  1). 

H.  LESSONS  LEARNED 

The  above  noted  F-16  CCV  experience  indicates  that,  in  addition  to 
decoupling,  the  lateral  translation  mode  requires  a  0  or  y  feedback  to 
augment  Yv  and  thereby  obtain  the  crisp  response  required  to  make  this 
mode  useful. 
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3.8  HANDLING  QUALITY  REQUIREMENTS  FOR  COMBINED  AXES 

3.8.1  Cross-Axis  Coupling  in  Roll  Maneuvers 


A.  REASON  FOR  REQUIREMENT 


Cross-coupling  of  pitch  and  yaw  motions  —  both  aerodynamic  and 
inertial  —  ia  common  for  modem  airplanes.  The  ensuing  motions  can  be 
violent  in  nature  and  can  lead  to  prolonged  loss  of  control. 

B.  RELATED  MIL -F -8785  REQUIREMENT 

3.4.3 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.8.1  Cross-Axis  Coupling  in  Roll  Maneuvers.  In  yaw-control-free, 

pitch-control-fixed,  maximum-performance  rolls  through  _  deg,  entered 

from  straight  flight  or  from  turns,  pushovers,  or  pullups  ranging  from 
0  g  to  0.8  nL,  the  resulting  yaw  or  pitch  motions  and  sideslip  or  angle 
of  attack  changes  shall  neither  exceed  structural  limits  nor  cause  other 
dangerous  flight  conditions  such  as  uncontrollable  motions  or  roll  auto¬ 
rotation. 

During  combat-type  maneuvers  involving  rolls  through  angles  up  to 
360  degrees  and  rolls  which  are  checked  at  a  given  bank  angle,  the 
yawing  and  pitching  shall  not  be  so  severe  as  to  impair  the  tactical 
effectiveness  of  the  maneuver.  These  requirements  define  Level  1  and  2 
operation.  For  Class  II  and  III  airplanes,  these  requirements  apply  in 
rolls  through  120  degrees  and  rolls  which  are  checked  at  a  given  bank 
angle . 

Recommended  values: 


Recommended 


Airplane  Class 

Roll  Angle  (deg) 

I  and  IV 

360 

II  and  III 

120 
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D.  RATIONALE  BEHIND  REQUIREMENT 


The  dynamics  of  the  pitch  and  yaw  coupling  associated  with  rapid 
rolls  are  complex  and  nonlinear*  In  general,  the  dynamics  involve 
Interactions  among  the  airplane  Inertia  properties,  aerodynamic  proper¬ 
ties,  and  the  kinematics  of  the  rolling  motion.  Because  of  the  com¬ 
plexities  Involved,  no  attempt  has  been  made  to  explain  the  mechanism  of 
the  various  types  of  pitch-roll-yaw  coupling.  Instead,  the  reader  is 
referred  to  References  167-171. 

It  should  be  noted  that  inertial  pitch/roll  coupling  may  set  the 
pitch  control  power  requirements  on  the  aircraft.  This  is  especially 
true  for  Class  IV  airplanes  where  very  high  roll  rates  are  common  or 
where  reduced  static  stability  is  employed  in  the  longitudinal  axis, 
such  as  the  F-16. 

E.  GUIDANCE  FUR  APPLICATION 

It  may  be  necessary  to  perform  maneuvers  with  control  combinations 
other  than  those  specified  Co  determine  coupling  problems,  especially  if 
the  roll  controller  alone  does  not  meet  the  control  power  requirements 
of  3. 5. 9.1.  Such  maneuvering  is  likely  to  occur  during  air  combat 
evaluations  with  Class  IV  airplanes,  as  discussed  in  "Lessons  Learned." 

F.  DEMONSTRATION  OF  COMPLIANCE 

The  nonlinear,  violent  manner  of  cross-axis  coupling  makes  flight 
testing  almost  mandatory.  However,  ground  simulation  can  give  some 
insight  into  potential  problem  areas  in  the  flight  regime. 

G.  SUPPORTING  DATA 

None. 


MW  mm  I  - 
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H.  LESSONS  LEARNED 


During  prototype  evaluation  of  the  YF-16  Lightweight  Fighter, 
coupled  loss  of  control  was  encountered  on  two  separate  occasions* 
According  to  Reference  124,  "Lateral  performance  at  low  dynamic  pressure 
was  sufficiently  high  that  roll  and  yaw  rates  could  be  generated  which 
produced  a  nose-up  pitching  moment  that  could  not  be  controlled  by  full 
trailing-edge-down  elevator." 

Reference  124  concludes: 

The  most  significant  conclusion  and  recommendation  con¬ 
cerning  the  handling  qualities  of  the  YF-16  deal  with 
coupling:  A  potential  for  loss  of  control  due  to  Inertial 
pitch/roll  coupling  was  predicted  after  the  completion  of 
stabilator  saturation  tests  conducted  during  the  High 
Angle  of  Attack  test  phase.  The  potential  was  later  inad¬ 
vertently  demonstrated  during  the  air  combat  maneuvering 
evaluation.  The  single  spin  of  the  flight  test  program 
was  also  coupling-related.  Considering  the  production 
potential  of  the  design,  it  is  significant  that:  (1)  two 
coupled  departures  were  experienced  during  the  prototype 
program,  and  (2)  both  occurred  during  controlled  evalua¬ 
tions  flown  by  highly  qualified  and  experienced  pilots. 

The  deficiency  represents  a  serious  hazard  to  the  safe 
operational  use  of  the  aircraft.  The  YF-16 's  potential 
for  inertial  pitch/roll-coupled  departures  should  be 
eliminated  even  though  its  occurrence  is  associated  with 
the  outer  portions  of  the  useful  flight  envelope.  The 
flexibility  afforded  by  the  electronic  flight  control 
system  should  be  fully  explored  as  an  alternative  to  more 
complicated  and  costly  means  of  correcting  the  defi¬ 
ciency.  A  reduction  in  the  roll  rate  available  to  the 
pilot  at  high  angles  of  attack  should  be  considered. 
External  aerodynamic  configuration  changes  should  be  made 
to  eliminate  the  potential  for  inertial  pitch/roll 
coupling  only  if  the  deficiency  cannot  be  corrected  by 
modification  of  the  flight  control  computer. 

It  should  be  noted  that  the  so-called  "stability  axis"  yaw  damper 
(in  which  body  centerline  axis  r  -  pa  is  fed  back  to  the  rudder)  reduces 

sideslip  in  high-angle-of-attack  maneuvering  but  increases  roll  rate. 

2 

This  results  in  increases  in  the  pr  and  p  inertia  coupling  terms  in  the 
pitch  axis,  e.g.. 
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pr  +  (r2  -  p2) 


and  therefore  aggravates  pitch  couplings  Use  of  such  a  yaw  damper 
requires  a  compromise  between  allowable  sideslip  and  Inertia  coupling. 
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3.8.2 


Crosstalk  Between  Pitch  and  Roll  Controllers 


A.  REASON  FOR  REQUIREMENT 

Force  and  displacement  requirements  for  pitch  and  roll  controllers 
are  separately  specified  elsewhere,  but  their  operation  in  combination 
can  cause  problems  if  these  characteristics  are  Incompatible. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.4.4 


C.  STATEMENT  OF  REQUIREMENT 

3.8.2  Crosstalk  Between  Pitch  and  Roll  Controllers.  The  pitch-  and 
roll-control  force  and  displacement  sensitivities  and  breakout  forces 
shall  be  compatible  so  that  intentional  inputs  to  one  control  axis  will 
not  cause  inadvertent  inputs  to  the  other. 

D.  RATIONALE  BEHIND  REQUIREMENT 

Control  harmony  has  several  aspects .  One  problem  is  that  the  pitch 
and  roll  control  forces  must  be  in  the  proper  ratio  for  gross  unsymme- 
trical  maneuvers,  to  enhance  proper  coordination  of  the  maneuver. 
Another  problem  is  that  unless  the  pitch  and  roll  control  sensitivities 
and  breakout  forces  are  properly  matched,  intentional  inputs  to  one  con¬ 
trol  can  result  in  inadvertent  inputs  to  the  other.  For  example,  many 
heavy  airplanes  with  unboosted  controls  have  had  aileron  forces  that 
were  much  too  high  with  respect  to  the  elevator  forces.  As  a  result,  it 
was  difficult  to  control  pitch  attitude  accurately  when  rolling  rapidly 
into  a  turn.  In  addition,  for  Class  IV  highly  maneuverable  aircraft  it 
is  often  difficult  to  pull  the  centerstick  straight  back  due  to  arm  and 
manipulator  geometry  and  the  lack  of  appropriate  arm  support.  If 
lateral  forces  are  low  compared  to  longitudinal  forces ,  some  inadvertent 
lateral  input  is  inevitable.  The  intent  of  this  requirement  is  to  pre¬ 
vent  these  situations. 
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X.  GUIDANCE  FOB.  APPLICATION 
No  discussion  necessary. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Compliance  with  this  requirement  will  be  shown  through  the  course  of 
normal  simulation  or  flight  testing,  where  pilot  comments  should  reveal 
any  potential  deficiencies. 

G.  SUPPORTING  DATA 


None. 

H.  LESSORS  LEARNED 


This  requirement  may  be  of  Increasing  significance  with  continued 
development  of  sidestick  controllers.  The  force  stick  of  the  YF-16  was 
especially  susceptible  to  longitudinal/lateral  interactions  ("cross¬ 
talk"),  as  described  in  Reference  124: 

...lateral  versus  longitudinal  stick  force  crossplots  and 
other  quantitative  data  indicated  that  the  YF-16's  prototype 
force  controller  was  susceptible  to  crosstalk  during  both 
classical  evaluation  and  mission-oriented  tasks.  The  pilots 
did  not  identify  crosstalk  as  operationally  significant, 
possibly  because  they  subconsciously  reacted  to  aircraft 
motion  and  modified  their  force  inputs  accordingly.  Further 
development  of  the  force  controller  should  reflect  that  the 
stick's  rotational  orientation  may  not  be  optimum  when  aligned 
parallel  with  the  longitudinal  and  lateral  axes  of  the  air¬ 
craft.  Preliminary  quantitative  data  analysis  suggests  that 
the  stick  should  be  rotated  clockwise  (as  seen  from  above)  up 
to  approximately  fifteen  degrees. 

Later  operational  experience  with  the  F-16  indicates  that  crosstalk 
is  Indeed  a  noticeable  problem.  For  example,  left  banks  are  commonly 
observed  during  the  pitch  rotation  for  takeoff  and  landing.  The  F-16 
movable  sidestick  employs  a  12  deg  clockwise  rotation  that  essentially 
eliminates  crosstalk  in  takeoff  and  landing. 
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3.8.3  Control  Harmony 

A.  SEASON  FOE  REQUIREMENT 

Normal  maneuvering  Involving  all  three  controllers  can  be  taxing  If 
any  one  controller  requires  especially  large  force  Inputs. 

B.  RELATED  MEL-F-8785C  REQUIREMENT 

3.4.4. 1 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 

3.8.3  Control  Harmony.  The  following  control  force  levels  are 
considered  to  be  limiting  values  compatible  with  the  pilot's  capability 
to  apply  simultaneous  forces:  _ . 

Recommended  limits : 


Control  Type 

Pitch 

Roll 

Yaw 

Sidestlck 

20  lb 

15  lb 

Centerstick 

50  lb 

25  lb 

Wheel 

75  lb 

40 

25 

lb 

lb 

(two-handed 

(one-handed 

tasks) 
tasks ) 

Pedal 

175  lb 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  cockpit  control  forces  required  to  perform  maneuvers  which  are 
normal  for  the  airplane  should  have  magnitudes  which  are  related  to  the 
pilot's  capability  to  produce  such  forces  In  combination.  The  pilot 
cannot  apply  forces  simultaneously  to  all  three  controls  that  are  as 
large  as  those  forces  that  can  be  applied  to  one  control  at  a  time. 

The  40  pounds  allowed  for  wheel  forces  is  a  carryover  from  MIL-F- 
8785C.  It  is  based  on  the  use  of  two  hands,  a  rare  occurrence  In  most 
flying  tasks  since  one  hand  is  on  the  throttle(s)  during  maneuvering. 
The  sidestlck  forces  are  based  upon  both  the  F-I6  movable  stick  maximum 


forces  (Reference  125)  and  results  of  the  USAF  Test  Pilot  School  evalua¬ 
tions  (Reference  23).  The  forces  chosen  are  75-90  percent  of  the  maxi¬ 
mum  forces  used. 


K.  GUIDANCE  FOR  APPLICATION 

The  key  to  applying  this  requirement  is  in  definition  of  "normal" 
maneuvers.  Such  maneuvers  should  be  specified  by  the  missions  defined 
for  the  aircraft. 

P.  DEMONSTRATION  OF  COMPLIANCE 

In  performing  such  maneuvers  as  dives,  steady  turns,  and  stalls, 
maximum  forces  should  not  exceed  the  combined  forces  specified  herein. 

G.  SUPPORTING  DATA 
None. 

H.  LESSONS  LEARNED 

None. 
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A.  REASON  FOR  REQUIREMENT 


Requirements  on  approach  to  stall,  stalls,  departures,  and  subse¬ 
quent  motions  all  apply  for  high-angle-of-attack  (AOA)  flight*  This 
statement  defines  the  purpose  of  the  high-AOA  requirements* 

B.  RELATED  MIL-F-8785C  REQUIREMENTS 

3.4.2 

C.  STATEMENT  OF  REQUIREMENT 


3.8.4  Flight  at  High  Angle  of  Attack.  The  requirements  of  3.8.4 
through  3.8. 4.3.2  concern  stall  warning,  stalls,  departures  from  con¬ 
trolled  flight,  post-stall  gyrations,  spins,  recoveries,  and  related 
characteristics.  They  apply  at  speeds  and  angles  of  attack  which  in 
general  are  outside  the  Service  Flight  Envelope.  They  are  intended  to 
assure  safety  and  the  absence  of  mission  limitations  due  to  high-angle- 
of-attack  characteristics . 

D.  RATIONALE  BEHIND  REQUIREMENT 


There  have  been  few  changes  to  the  MIL-F-8785C  high-AOA  requirements 
for  the  MIL  Standard.  As  outlined  in  Reference  122,  Interim  Amendment  1 
(USAF)  completely  revised  the  MIL-F-8785B  requirements  at  high  angle  of 
attack,  coordinated  with  the  Air  Force  Flight  Test  Center's  concurrent 
new  stall/post-stall/spin  demonstration  requirements,  MIL-S-83691. 
These  changes  were  the  result  of  reawakened  interest  In  the  area,  occa¬ 
sioned  by  numerous  aircraft  losses.  A  large  number  of  aircraft  inci¬ 
dents  have  been  attributed  to  loss  of  control  at  high  angle  of  attack, 
and  it  was  conjectured  that  many  losses  in  Vietnam  combat  (with  no 
evidence  to  determine  a  cause)  might  well  be  due  to  the  same  cause. 
Whereas  previous  requirements  had  concentrated  on  demonstration  of 
acceptable  stall  and  spin  characteristics,  the  new  requirements  empha¬ 
size  prevention  of  loss  of  control  (departure)  as  well.  All  airplanes 
are  covered  with  flight  demonstration  maneuvers  and  control  abuse  appro¬ 
priate  to  the  Class  and  mission.  The  requirements  in  this  regime  of 


nonllnearitles  remain  largely  qualitative*  Amendment  2  changed  many  of 
Amendment  l's  quantitative  requirements  related  to  test  and  evaluation 
techniques  to  qualitative  statements,  and  MIL-F-8785C  made  no  further 
changes  in  high-AOA  requirements. 

The  stall  and  spin  requirements  that  follow  are  related  by  their 
occurrence  at  high  angles  of  attack.  Therefore,  this  requirement  is 
retained  to  serve  as  an  overview  of  characteristics  and  problems  with 
high-AOA  flight.  The  discussions  presented  in  "Lessons  Learned"  sum¬ 
marize  recent  insights  and  information  on  high-AOA  flight,  applicable  in 
general  to  any  of  the  stall/spin  requirements. 

K.  GUIDANCE  FOR  APPLICATION 

In  applying  the  high-AOA  requirements,  it  is  worth  considering  that 
the  term  "high  angle  of  attack"  carries  different  connotations  for 
different  people.  For  example,  15  deg  a  may  be  considered  high  for  a 
light  single-engine  Class  I  airplane,  while  pilots  of  highly  maneuver¬ 
able  Class  IV  fighters  might  consider  anything  under  30  deg  to  be  low 
angle  of  attack.  Therefore,  it  is  Important  to  define  just  what  one 
means . 

Based  upon  the  requirements  of  this  section,  high  AOA  is  considered 
to  be  at  and  above  the  AOA  for  stall  warning  (3. 8. 4. 2.1).  This  avoids 
need  for  or  specification  of  a  firm  number  for  high  AOA. 

F.  DEMONSTRATION  OF  COMPLIANCE 
Not  applicable. 

G.  SUPPORTING  DATA 
Not  applicable. 

H.  LESSONS  LEARNED 

A  recent  survey  of  33  aircraft  manufacturers,  research  and  test 
agencies,  and  operational  commands  and  squadrons  (Reference  177)  pro¬ 
vides  considerable  information  on  "mission  phases  or  tasks  involving 
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high-AOA  flight,  past  or  present  flying  quality  problems,  stall/ 
departure/spin  encounter,  future  desires,  etc."  While  information  was 
sought  on  all  Classes  of  airplane,  most  of  the  concern  on  high-AOA 
flight  dealt  with  departure/spin  resistance  for  Class  IV,  highly  maneu¬ 
verable  airplanes.  Concern  of  operational  pilots  covered  "inadequate 
cues,  flight  control  system  limiters  which  obviously  remove  the  pilot 
from  control,  and  adequate  control  power." 

A  major  consensus  derived  from  the  Reference  177  survey  is  that,  for 
Class  IV  airplanes, 

...high-AOA  maneuvering  in  combat,  although  spectacular  or 
glamorous,  is  not  a  primary  tactic.  It  is  definitely  a 
subordinate  area  but  one  which  should  not  limit  the  use  of 
the  aircraft.  High  AOA  is  equated  with  high  energy  loss, 
slowing  velocity,  and  becoming  an  easy  target  for  the 
opponent's  gun  or  missile.  It  is  much  more  desirable  to 
maintain  high  specific  energy  by  avoiding  hard  maneuver¬ 
ing.  High-AOA  combat  generally  results  from  pitting 
aircraft  of  similar  performance  and  maneuvering  capabili¬ 
ties  against  one  another.  If  the  opponents  have  dissimi¬ 
lar  performance  capabilities  the  fight  generally  will  not 
last  long  enough  to  degenerate  to  high  AOA.  Thus  most 
high-AOA  flight  results  from  air  combat  maneuver  (ACM) 
training  against  the  same  type  of  aircraft.  It  generally 
involves  gun  fighting,  and  new  weapon  systems  coming  into 
the  inventory  are  counted  on  to  reduce  gun  fighting. 

Thus,  considering  that  high-AOA  maneuvering  is  subordinate 
to  the  primary  mission  but  should  not  limit  the  aircraft 
usefulness,  the  major  expressed  concern  involved  depar¬ 
ture/spin  resistance,  flight  cues,  and  the  role  of  the 
flight  control  system. 

Most  Class  I  airplanes  are  designed  to  meet  FAA  regulations  (Refer¬ 
ence  161)  and  adapted  for  military  operations,  so  that  high-AOA  flight 
is  looked  at  differently  for  their  usage.  Similarly,  due  to  the  very 
large  inertias  of  Class  III  airplanes  in  all  axes,  high-AOA  departure  or 
large  uncommanded  motion  is  rarely  encountered.  The  major  concern  for 
departures  and  spins  (3.8. 4.3)  is  therefore  Class  IV  airplanes. 

Table  1  (from  Reference  177)  summarizes  pilot  opinions  on  the  high- 
AOA  characteristics  of  several  modern  Class  IV  airplanes.  In  terms  of 
design  philosophy  for  high-AOA  characteristics.  Reference  177  concludes 


671 


**#  ***.•!%. 


that  there  are  three  separate  schools  of  thought:  aerodynamic  dominance 
(e.g.,  the  F-5),  balanced  aerodynamics  and  flight  control  system  (F-15), 
and  flight  control  system  dominance  (F-16).  The  military  using  agencies 
"expressed  views  advocating  specification-  and  design-restraint. .. .High- 
ADA  flying  quality  specification  requirements  should  not  dictate  air¬ 
craft  configuration,  flight  control  system  complexity,  or  even  overly 
compromise  primary  mission  performance." 

It  is  as  a  result  of  these  views,  in  combination,  that  the  high-AOA 
requirements  are  essentially  unchanged  from  MIL-F-8785C,  except  to  make 
their  wording  more  in  the  spirit  of  the  MIL  Standard. 


673 


3.8.4. 1  Warning  cues 

A.  REASON  FOR  REQUIREMENT 

There  Is  a  constant  need  for  clear,  unambiguous  cues  to  warn  the 
pilot  of  potential  stall,  departure,  and  spin  conditions  in  high-angle- 
of-attack  flight. 

B.  RELATED  M1L-F-8785C  REQUIREMENT 

3.4. 1.1 

C.  STATEMENT  OF  REQUIREMENT 

3.8.4. 1  Warning  cues.  Warning  or  Indication  of  approach  to  stall, 
loss  of  aircraft  control,  and  incipient  spin  shall  be  clear  and  unam¬ 
biguous. 

D.  RATIONALE  BEHIND  REQUIREMENT 

This  statement  is  essentially  identical  to  3. 1.7.1,  "Warning  and 
indication"  for  dangerous  flight  conditions.  Its  addition  here  is  based 
upon  three  observations:  1)  the  requirement  of  3. 1.7.1  is  intended  for 
any  dangerous  flight  condition,  not  specifically  high-AOA  flight; 
2)  there  may  be  some  instances  (e.g.,  air  combat  maneuvering)  for  which 
high-AOA  flight  would  not  be  considered  "dangerous";  and  3)  warning  cues 
provided  on  many  recent  airplanes  for  high-AOA  flight  are  considered 
inadequate  (see  "Guidance  for  Application"  and  "Lessons  Learned"). 

E.  GUIDANCE  FOR  APPLICATION 

Providing  a  consistent,  useful  warning  cue  to  the  pilot  continues  to 
be  a  problem.  A  survey  of  pilots  of  Class  IV  airplanes  (Reference  177) 
showed  this  is  to  be  the  case.  Table  1  (3.8.4)  lists  the  available 
hlgh-angle-of-attack  cues  for  various  fighter  airplanes.  Reference  177 
summarizes: 
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Lack  of  adequate  high-AOA  maneuvering/stall  non-visual 
(e.g.,  tactile)  cuea  ranked  very  high  on  the  pilots'  prob¬ 
lem  list*  Such  cues  are  a  primary  source  of  Information 
when  attention  is  directed  away  from  the  Instruments  —  as 
is  generally  the  situation  surrounding  stall  encounter. 

Cues  are  equally  important  In  air  combat  to  establish 
maximum  and/or  optimum  maneuver  conditions.  It  appears 
that  very  few  aircraft  have  adequate  non-visual  cues.  In 
particular,  single-crew  aircraft  require  a  separation  of 
information  channels  which  might  be  compared  with  the  need 
for  frequency  separation  in  highly  augmented  aircraft  with 
uncoupled  modes  of  control.  That  is,  artificial  devices 
such  as  stick  or  rudder  pedal  shakers  can  be  (and  are) 
masked  by  buffet;  aural  tones  can  be  (and  are)  masked  by 
radio  communications  or  missile  arming  and  lock-on  tones. 

The  preferred  cues  are  buffet  itself  and  possibly  the  most 
consistent  and  desirable  tactile  cues  —  stick  force  and 
position.  These  were  stressed  over  and  over  by  the  opera¬ 
tional  pilots. 

The  key  cues  which  provide  positive  indication  of 
changing  aircraft  AOA  or  energy  state  are: 

•  Stick  force  (per  knot  or  g) 

•  Stick  position 

•  Buffet  level 

•  Uncommanded  aircraft  motion 

•  Artificial  warning  devices 

It  must  be  emphasized  here  that  the  intent  of  this  requirement,  like 
all  the  high-AOA  requirements,  is  not  to  force  an  artificial  limit  on 
the  airplane.  The  Reference  177  survey  of  using  agencies  concludes 
that : 


Prevention  of  dangerous  flight  conditions  via  maneuver 
limiters  drew  strong  objections  from  a  large  segment  of 
the  military  community.  Such  devices  are  viewed  as 
double-edged  swords;  they  inflexibly  protect  the  aircraft 
(and  crew)  from  inexperienced  or  inept  piloting  at  the 
cost  of  an  (arbitrary)  imposed  safety  margin.  In  so  doing 
they  become  a  pilot  equalizer  and  make  aircraft  maneuver¬ 
ing  performance  predictable  to  the  enemy.  . Finally,  pro¬ 
tective  limit  requirements  generally  vary  with  aircraft 
loading  (external  or  internal)  and  therefore  to  be  effec¬ 
tive  entail  considerable  complexity. 
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F.  DEMONSTRATION  OF  COMPLIANCE 


Due  to  the  complex  nature  of  high-angle-of -attack  flight,  final 
compliance  with  this  requirement  will  necessitate  flight  testing.  If 
artificial  warning  cues  are  utilized,  verification  may  include  ground 
simulation, 

6.  SUPPORTING  DATA 


None, 

H.  LESSONS  LEARNED 


Pilot  comments  on  the  cues  available  In  several  fighter  airplanes 
are  summarized  in  Table  1  (3,8,4).  Additional  information  on  the  F/A- 
18A  at  high  angles  of  attack  (Reference  245)  shows  that  it  has  inade¬ 
quate  buffet  and  natural  stick  force  cues,  though  an  a  feedback  in  the 
CAS  provides  a  good  artificial  stick  force  cue.  A  warning  tone  Is  also 
employed. 

Artificial  warnings  have  proven  to  be  inadequate  on  many  airplanes. 
Reference  177  discusses  the  F/FB-111  in  particular: 

It  was  designed  to  have  (and  does  have)  the  very  best 
flying  and  ride  qualities  throughout  its  operational 
flight  envelope.  It  is  described  as  the  Cadillac  of  mili¬ 
tary  aircraft.  This  is  accomplished  largely  through  the 
Incorporation  of : 

•  High-gain/authority  command  augmentation  systems 

•  Maneuver  enhancement  devices  (automatic  configura¬ 
tion  changes) 

•  Automatic  series  trim 

As  a  result,  the  flying  qualities  pertaining  to  stick 
force,  stick  position,  and  aircraft  motion  remain  essen¬ 
tially  invariant  until  stall  or  departure  occurs.  There 
is  little  buffet  and  even  this  does  not  change  appreciably 
with  AOA,  Thus,  the  aircraft  suddenly  falls  off  a 
"cliff,"  Three  artificial  cues  —  a  stick  shaker,  a  horn, 
and  panel  lights  —  are  provided  which  activate  at  14  deg 
AOA,  well  below  the  departure  AOA  of  20-21  deg.  However, 
these  have  met  with  little  success  in  preventing  stalls 
and  loss  of  control.  A  control  system  modification  is  now 
being  retrofitted  which  will  restore  the  needed  stick 
f orce/position  cues. 
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3. 8. 4. 2  Stalls 

A.  REASON  FOR  REQUIREMENT 

This  Introductory  statement  specifies  the  conditions  to  be  consid¬ 
ered  In  applying  the  stall  requirements  of  3. 8. 4. 2.1,  3.8. 4.2.2, 

3. 8. 4. 2. 3.  and  3. 8. 4. 2. 4. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.4.2. 1 

C.  STATEMENT  OF  REQUIREMENT 

3. 8. 4. 2  Stalls.  The  stall  requirements  apply  for  all  Aircraft 
Normal  States  In  straight  unaccelerated  flight  and  In  turns  and  pullups 
with  attainable  normal  accelerations  up  to  nL*  Specifically,  the 

Aircraft  Normal  States  to  be  evaluated  are:  _ •  Also, 

the  requirements  apply  to  Aircraft  Failure  States  that  affect  stall 
characteristics. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  subparagraphs  that  fall  under  this  statement  contain  qualitative 
and  quantitative  requirements  pertaining  to  the  stall.  As  Reference  122 
concludes,  stall  classically  corresponds  to  maximum  lift  coefficient, 
that  is,  «  0;  but  other  accepted  indicators  of  stall  or  maximum 

usable  lift  are  uncommanded  motion  In  pitch,  roll  or  yaw,  and  intoler¬ 
able  buffeting.  Consonant  with  deletion  of  specific  rules  for  estab¬ 
lishing  the  Permissible  Flight  Envelope,  MIL-F-8785C  deleted  mention 
that  Vg  and  as  may  be  set  by  conditions  other  than  aerodynamic  flow 
separation.  Although  the  contractor  may  set  the  low-speed  bound  of  the 
Permissible  Flight  Envelope  arbitrarily,  there  Is  no  need  to  state  that 
here.  (Regardless  of  the  boundary  location,  we  would  expect  full  stalls 
to  be  demonstrated  If  attainable.)  Note  that  according  to  3. 8. 4.1,  the 
contractor  must  provide  adequate  warning  or  indication  of  approach  to 
stalls. 


A  fixed-base  simulator  investigation  of  high-angle-of-attack  charac¬ 
teristics  (Reference  170)  suggests  that  the  definition  of  stall  should 
be  modified: 

[Previous  specifications  have  defined]  stall  to  be  based 
on  ;  abrupt  uncontrollable  pitching,  rolling,  or  yawing; 

or  intolerable  buffet*  The  results  of  our  piloted  simulation 
Indicate  that  any  abrupt  aperiodic  rolling  or  yawing  motion 
which  occurs  without  being  preceded  by  noticeable  "g-break"  is 
considered  [by  the  evaluation  pilots]  to  be  a  departure,  not  a 
stall,  and  results  in  severely  downgraded  flying  qualities* 

Thus,  aorupt  roll  or  yaw  motion  should  be  deleted  as  an  allow¬ 
able  definition  of  stall  and  should  not  occur  prior  to  stall* 

If  such  characteristics  cannot  be  achieved  with  the  airframe 
alone,  then  the  flight  control  system  should  prevent  reaching 
the  AOA  at  which  the  abrupt  rolling  or  yawing  motion  is  ob¬ 
tained  • 

E.  GUIDANCE  FOR  APPLICATION 

The  configuration,  throttle  settings,  and  trit.  settings  of  4.2.2  may 
be  specified  for  investigation. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Due  to  the  extremely  nonlinear  nature  of  stalls  and  stall  warnings, 
the  procuring  activity  should  consider  simulation  or  flight  testing  in 
lieu  of  analysis  for  demonstrating  compliance  (see,  e.g.,  Reference 
170). 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

The  definitions  of  3tall  (Paragraphs  4.2.2  and  4.2.5)  include  occur¬ 
rence  of  "uncommanded  pitching,  rolling,  or  yawing."  This  also  is  a 
characteristic  of  (undesirable)  departure.  The  difference  between  the 
two  generally  involves  energy  state.  The  higher  the  energy  state,  the 
more  rapid  the  uncommanded  motion.  If  uncommanded  pitch,  roll,  or  yaw 
defines  both  stall  and  departure,  then  some  rate  of  motion  boundary 


should  be  established  to  distinguish  between  the  two*  At  present  there 
is  insufficient  Information  to  define  such  a  boundary* 

Results  of  the  piloted  simulation  of  Reference  170  indicate  that 
"any  abrupt  aperiodic  rolling  or  yawing  motion  which  occurs  without 
being  preceded  by  noticeable  'g-break'  is  considered  to  be  a  departure, 
not  a  stall,  and  results  in  severely  downgraded  flying  qualities*  Thus, 
abrupt  roll  or  yaw  motion  should  be  deleted  as  an  allowable  definition 
of  stall  and  should  not  occur  prior  to  stall This  could  be  especially 
critical  in  accelerated  flight,  where  it  is  possible  to  pull  rapidly 
through  any  stall  warning  or  g-break,  and  into  a  depature* 
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3.8. 4.2.1  Stall  approach 

A.  SEASON  FOE  REQUIREMENT 

Approach  to  stall  should  always  be  clearly  Indicated  to  the  pilot 
with  sufficient  margin  (airspeed  or  angle  of  attack)  to  recover  from  the 
incipient  stall. 

B.  BELATED  MXL-F-8785C  REQUIREMENTS 

3. 4.2. 1.1,  3.4.2. 1.1.1,  3. 4. 2. 1.1. 2 

C.  STATEMENT  OF  REQUIREMENTS  AND  RECOMMENDED  VALUES 


3. 8. 4. 2.1  Srall  approach. 

a)  The  onset  of  warning  of  stall  approach  (3.8. 4.1)  shall 
occur  within  the  following  speed  range  for  1  g  stalls: 

_ ,  and  within  the  following  range  (or  percentage)  of 

lift  for  accelerated  stalls:  _ ,  but  not  within 

the  Operational  Flight  Envelope. 

b)  An  increase  in  intensity  of  the  warning  with  further  in¬ 

crease  in  angle  of  attack  shall  be  sufficiently  marked  to 
be  noted  by  the  pilot.  The  warning  shall  continue  until 
the  angle  of  attack  is  reduced  to  a  value  less  than  that 
for  warning  onset.  Prior  to  the  stall,  uncommanded 
oscillations  shall  not  result  in  flying  qualities  less 
than  Level  _ . 

c)  At  all  angles  of  attack  up  to  the  stall,  the  cockpit  con¬ 
trols  shall  remain  effective  in  their  normal  sense,  and 
small  control  inputs  shall  not  result  in  departure  from 
controlled  flight. 
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Recommended  warning  ranges ; 


1  g  Stalls: 

Flight  Phase 

Minimum  Speed 
for  Onset 

Maximum  Speed 
for  Onset 

Approach 

Higher  of  l.OSVg  or 

Higher  of  l.lOVg  or 

Vg  +  5  knots 

Vg  +  10  knots 

All  other 

Higher  of  1.05Vg  or 

Higher  of  1.15Vg  or 

Vg  +  5  knots 

Vg  +  15  knots 

Accelerated  Stalls: 

Plight  Phase 
Approach 
All  other 


Minimum  Lift 
at  Onset 

82%  stall 

75%  CL  stall 


Maximum  Lift 
at  Onset 

90%  CL  stall 

90%  CL  stall 


For  Part  b)  of  the  requirement  it  is  recommended  that  Level  2  flying 
qualities  be  required. 


D.  RATIONALE  BEHIND  REQUIREMENT 


The  MIL-F-8785C  paragraphs  combined  in  this  requirement  are  largely 
unchanged.  The  largest  modification  has  been  in  the  wording  of  warning 
for  stall  approach.  Where  (a)  refers  to  the  new,  all-encompassing 
warning  requirement  (3. 8. 4.1),  MIL-F-8785C  specified  that  "The  stall 
approach  shall  be  accompanied  by  an  easily  perceptible  warning  consist¬ 
ing  of  shaking  of  the  cockpit  controls,  buffeting  or  shaking  of  the 
airplane,  or  a  combination  of  both."  Removal  of  this  phrase  is  consis¬ 
tent  with  both  the  new  warning  cue  requirement  and  the  MIL  Standard 
format  of  minimal  wording  in  the  Standard. 

The  stall  approach  requirement  of  MIL-F-8785  (3. 4. 2. 1.1)  explicitly 
forbade  onset  of  stall  warning  within  the  Operational  Flight  Envelope. 
However,  for  Class  III  aircraft  in  particular,  most  stalls  are  encoun¬ 
tered  during  high  altitude  cruise,  in-flight  refueling,  or  in  the  land¬ 
ing  pattern  where  the  Operational  and  Service  Flight  Envelope  boundaries 
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tend  to  coalesce*  Thus  stall  warning  onset  within  the  Operational 
Flight  Envelope  may  be  desirable  and  should  not  be  legislated  against* 

The  warning  range  for  accelerated  stalls  would.  Ideally,  be  mission 
dependent  (e*g.,  air-to-ground  versus  alr-to-alr),  considering  the  aver¬ 
age  altitude  available  for  recovery,  the  rapidity  of  speed  bleedoff  for 
the  vehicle/weapon  configuration,  and  departure  susceptibility /severity 
characteristics*  There  is  insufficient  data  available  to  establish  such 
mission-dependent  criteria,  so  the  requirements  of  MIL-F-8785C  have  been 
retained* 

E.  GUIDANCE  FOR  APPLICATION 

A  requirement  limiting  "uncommanded  oscillations"  is  clearly  quite 
arbitrary:  one  pilot  may  prefer  _no_  uncommanded  motion  associated  with 

approach  to  stall,  while  another  might  consider  such  motion  a  "necessary 
evil"  and  find  oscillations  acceptable*  The  results  of  the  piloted 
simulation  of  Reference  170  suggested  that  a  noticeable  "g-break"  indi¬ 
cated  stall  while  any  aperiodic  uncommanded  motion  (in  any  axis)  of 
greater  than  20  deg/sec  signified  departure. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Because  of  the  nonlinear  and  unpredictable  nature  of  high-angle-of- 
attack  aerodynamics,  demonstration  of  compliance  should  be  accomplished 
in  fight  test. 

G.  SUPPORTING  DATA 
None. 

H.  LESSONS  LEARNED 

See  Reference  170. 
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3. 8. 4. 2. 2  Stall  characteristics 


A.  SEASON  FOR  REQUIREMENT 


In  order  for  an  airplane  to  be  controllable  in  a  developed  stall, 
uncommanded  angular  excursions  should  be  reasonably  small  and,  in  the 
case  of  pitch  excursions,  in  a  direction  that  will  enhance  controlla¬ 
bility.  If  these  conditions  cannot  be  met,  the  aircraft  is  considered 
to  have  departed  from  controlled  flight. 

B.  RELATED  KIL-F-8785C  REQUIREMENT 

3. 4. 2. 1.2 

C.  STATEMENT  OF  REQUIREMENT  AMD  RECOMMENDED  VALUES 

3. 8. 4. 2. 2  Stall  characteristics.  The  following  apply  for  all 
stalls,  including  stalls  entered  abruptly: 

a)  In  the  unaccelerated  stalls  of  3. 8. 4. 2.1,  the  aircraft 
shall  not  exhibit  rolling,  yawing,  or  downward  pitching 
at  the  stall  which  cannot  be  controlled  to  stay  within 
_  deg. 

b)  It  is  desired  that  no  pitchup  tendencies  occur  in  unaccel¬ 
erated  or  accelerated  stalls.  However,  in  unaccelerated 
stalls,  mild  nose-up  pitch  may  be  acceptable  if  no  pitch 
control  force  reversal  occurs  and  if  no  dangerous,  unre¬ 
coverable  or  objectionable  flight  conditions  result.  In 
accelerated  stalls,  mild  nose-up  tendency  may  be  accept¬ 
able  if  the  operational  effectiveness  of  the  airplane  is 
not  compromised  and  the  airplane  has  adequate  stall 
warning,  pitch  control  effectiveness  is  such  that  it  is 
possible  to  stop  the  pitchup  promptly  and  reduce  the  angle 
of  attack,  and  at  no  point  during  the  stall,  stall  ap¬ 
proach  or  recovery  does  any  portion  of  the  airplane  exceed 
structural  limit  loads. 

Recommended  values :  Recommended  angular  excursion  limits  are  20  deg 
for  Classes  I,  II  and  III,  or  30  deg  for  Class  IV  airplanes. 
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D.  RATIONALE  behind  requirement 


The  20  deg  or  30  deg  limits  are  on  the  amount  of  attitude  change  at 
stall*  Any  such  change  should  be  in  a  normal  direction* 

E.  GUIDANCE  FOR  APPLICATION 

There  is  no  mention  of  angular  rates .  which  may  be  more  Important  to 
the  pilot  at  stall.  The  transients  due  to  failure  of  the  primary  flight 
control  system  (3. 2* 7* 2,  3.  5. 8* 2,  3. 6.4* 2)  are  recommended  to  be  less 
than  ±0.5  g  laterally  or  longitudinally  and  ±10  deg/sec  roll  rate  within 
2  seconds.  A  similar  constraint  could  be  defined  for  unaccelerated 
stalls. 

F.  DEMONSTRATION  OF  COMPLIANCE 

As  with  all  the  stall  requirements,  flight  testing  will  be  neces¬ 
sary. 

6.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

References  168  and  170  point  out  that  cases  exist  in  which  a  pilot's 
attempts  at  stabilization  do  not  help,  but  actually  Induce 
instability.  For  example,  with  the  A-7,  aerodynamic  coupling  between 
longitudinal  and  lateral-directional  motions  while  sideslipping  is  shown 
to  be  the  cause  of  departure  from  controlled  flight.  While  sideslip  is 
not  specifically  mentioned  in  these  requirements,  it  probably  should  be; 
some  sideslip  is  common,  even  unavoidable  at  high  angles  of  attack. 
Airplanes  rarely  have  a  decent  zero-sideslip  reference. 

This  requirement  legislates  against  pitchup  tendencies,  but  not 
against  pitch  down.  For  large  (Class  III)  airplanes,  nose-down  pitching 
is  undesirable,  according  to  Reference  177,  because  of: 


•••the  very  large  Inertias  Involved  and  the  excessive 
altitude  loss  which  Is  incurred  before  recovery*  The 
regions  where  stall  Is  most  usually  encountered  may  also 
be  important,  e.g.,  pitch  down  due  to  stall  at  cruise 
celling  could  lead  to  Mach  overspeed  while  pitch  down  in 
the  landing  pattern  could  easily  lead  to  a  nonrecoverable 
dive.  The  preferred  recovery  sequence  is  to  set  the  air¬ 
craft  nose  on  the  horizon,  add  full  power,  and  wait  for 
the  aircraft  to  regain  flying  speed.  The  preferred  metric 
is  the  "dwell"  time  between  recovery  initiation  and  re¬ 
gaining  of  flight  speed.  Altitude  lost  due  to  settling  is 
less  than  that  due  to  a  diving  recovery. 

This  is  consistent  with  the  training  procedures  used  for  civil 
transport  aircraft.  For  example.  Reference  246  describes  the  stall 
series  used  in  747  training  and  recurrent  checks : 

...a  Vref  (final  approach)  speed  is  computed  for  the  land¬ 
ing  weight  and  a  "bug"  positioned  next  to  this  number  on 
the  airspeed  gauge.  The  first  stall  is  made  clean  with 
wings  level,  the  next  in  a  20-degree  bank  with  10  degrees 
of  flaps,  and  the  third  straight  ahead  with  the  gear  down 
and  landing  flaps  (30  degrees).  In  each  exercise  the 
engines  remain  spun  up  but  at  low  thrust  settings.  These 
configurations  approximate  those  seen  in  near-airport 
maneuvering . 

The  recovery  from  each  is  the  same:  at  buffet  or 

stick  shaker,  apply  go-around  thrust,  lower  the  nose  to 
five  degrees  above  the  horizon  and  level  the  wings.  When 
properly  executed,  the  747  will  resume  normal  flight  with 
little  or  no  loss  of  altitude.  Rough  handling  ensures  a 
secondary  buffet  or  shaker,  or  both,  and  substantial 
altitude  loss. 
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3. 8. 4. 2. 3  Stall  prevention  and  recovery 


A.  SEASON  FOR  REQUIREMENT 

Pitch  control  power  at  the  start  of  the  stall  warning  (see  3. 8. 4.1) 
must  be  sufficient  to  prevent  the  stall  without  excessive  pilot  effort; 
recovery  after  stalling  should  likewise  be  possible  with  moderate 
effort. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3. 4. 2. 1.3 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.8.4. 2.3  Stall  prevention  and  recovery. 

a)  It  shall  be  possible  to  prevent  the  stall  by  moderate  use 
of  the  pitch  control  alone  at  the  onset  of  the  stall 
warning . 

b)  It  shall  be  possible  to  recover  from  a  stall  by  simple  use 
of  the  pitch,  roll,  and  yaw  controls  with  cockpit  control 

forces  not  to  exceed  _ ,  and  to  regain  level  flight 

without  excessive  loss  of  altitude  or  buildup  of  speed. 
Throttles  shall  remain  fixed  until  an  angle  of  attack 
below  the  stall  has  been  regained  unless  compliance  would 
result  in  exceeding  engine  operating  limitations. 

c)  In  the  straight  flight  stalls  of  3. 8. 4. 2,  with  the  air¬ 
craft  trimmed  at  an  airspeed  not  greater  than  1.4  Vg, 
pitch  control  power  shall  be  sufficient  to  recover  from 
any  attainable  angle  of  attack. 


Recommended  value:  It  is  recommended  that  the  control  force  limits 
of  3.8.3,  "Control  Harmony,"  be  applied. 

D.  RATIONALE  BEHIND  REQUIREMENT 


Prevention  of  and  recovery  from  the  stall  must  always  be  simple  for 
the  pilot.  MIL-F-8785C  included  the  requirement  that  throttles  remain 
fixed  until  "speed  has  begun  to  increase."  This  has  been  removed  in 
recognition  of  the  method  of  stall  recovery  used  for  both  light  trainer 
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(Class  I)  airplanes  and  heavy  (Class  III)  airplanes:  release  back 

pressure  on  the  wheel,  lower  the  nose  to  the  horizon,  and  add  power  ~ 
whether  airspeed  has  begun  to  Increase  or  not*  As  long  as  the  wing  Is 
unstalled,  the  addition  of  power  will  aid  in  flying  out  of  the  stall 
with  minimal  altitude  loss* 

E.  GUIDANCE  FOR  APPLICATION 

None* 

F.  DEMONSTRATION  OF  COMPLIANCE 

Part  b)  will  almost  assuredly  require  some  flight  testing;  for 
Part  a),  simulation  may  be  sufficient  provided  the  aircraft  aerodynamics 
are  well  modeled  up  to  the  stall* 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

A  potential  criterion  for  specifying  stall  recovery  requirements  for 
Class  III  airplanes  is  "dwell  time"  (Reference  177).  As  mentioned  in 
3.8. 4.2.2,  "dwell  time"  is  the  time  between  occurrence  of  the  stall  and 
recovery  of  flying  speed.  This  is  in  accordance  with  the  standard 
practice  for  stall  recovery:  keeping  the  nose  at  the  horizon  and  adding 
thrust,  rather  than  letting  the  nose  fall  through  the  horizon  before 
thrust  is  applied. 

Reference  247  shows  that  for  three  Class  III  airplanes  (S-3A, 

L-1011,  and  C-5A)  maximum  nose-down  pitch  acceleration  at  the  stall  was 

o 

less  than  or  equal  to  0.08  rad/sec  for  90  percent  of  the  stalls.  It 
therefore  suggests  that  a  pitch  recovery  criterion  could  be  that  the 
pitch  control  produce  8  >  0.8  rad /sec  at  stall. 

During  stall  testing  of  the  F-16A/B  with  aft  c.g.  loadings,  an 
upright  deep  stall  was  encountered,  requiring  a  spin  parachute  for 
recovery.  Figure  1  shows  a  time  history  of  a  deep  stall.  Analysis  of 
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a  40  r  Anti-spin  SAS 


16  20  24  28  32  36  40  44 

Time  (sec) 


Figure  1  (3. 8. 4. 2. 3).  Time  History  of  Unrecoverable  Deep  Stall 
Encountered  by  F-16B  (Reference  248) 
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Che  F-16  flight  control  system  suggests  that  the  deep  stall  condition 
may  have  been  aggravated  by  an  anti-spin  SAS  (Figure  2)  vhlch  Is 
activated  at  a  _>  29  deg,  combined  with  a  longitudinal  stick  gain  to 
remove  the  pilot  from  the  loop.  Figure  1  shows  the  point  at  which  the 
anti-spin  SAS  became  active  (t  *  10  sec).  A  lateral  limit  cycle 
oscillation  developed,  possibly  caused  by  the  anti-spin  SAS,  and  cross- 
axis  coupling  caused  the  aircraft  to  pitch  to  still  higher  AOA  and 
subsequent  deep  stall. 


Figure  2  (3. 8. A. 2. 3).  Anti-Spin  SAS  for  F-16B 
(a  >  29  deg) 


Recovery  from  this  deep  s)*all  [which  might  arguably  be  defined  as  a 
post-stall  gyration  (3. 8. 4. 3. 2)] ,  without  a  spin  chute,  required  a 
manual  pitch  override  (MPO)  in  the  longitudinal  SAS  (Reference  248): 

...a  manual  pitch  override  system  was  Installed  In  the 
test  aircraft  to  allow  pilot  control  of  the  stabilator 
In  a  deep  stall  condition  (upright  or  inverted)  and 
thus  allow  the  aircraft  to  be  "rocked  out"  of  the  deep 
stall. .. .This  pitch  override  system  required  the  pilot  to 
hold  a  toggle  switch,  located  on  the  left  console,  in  the 
OVRD  position  during  usage.  The  switch  was  spring  loaded 
to  the  NORM  position.  When  selected,  the  pitch  override 
(a)  eliminated  the  negative  g  limiter  to  allow  TED  stabil¬ 
ator  control  and  (b)  for  AOA  greater  than  or  equal  to 
29  degrees,  eliminated  the  AOA  limiting  and  pitch  Inte¬ 
grator  functions  to  allow  trailing  edge  up  (TEU)  stabila¬ 
tor  control. 


An  MPO  switch  is  now  included  in  production  aircraft ,  but,  according 
to  Reference  248,  its  operational  utility  is  questionable: 

The  MPO  was  an  effective  upright  deep  stall  recovery 
device  when  utilized  properly ... .However,  the  ability  of 
the  operational  pilot  to  properly  and  readily  adapt  to 
the  usage  of  the  MPO  remains  a  concern.  During  flight 
tests  with  pilots  who  were  extremely  familiar  with  the 
deep  stall  environment,  as  many  as  four  total  cycles  of 
the  stick  were  required  before  an  effective  cycle  was 
achieved.  The  primary  difficulty  encountered  Involved 
improper  phasing  with  existing  pitch  oscillations.  Proper 
phasing  became  much  more  difficult  when  severe  roll  oscil¬ 
lations  existed.  The  rolling  tendency  (to  as  much  as 
90  degrees  bank  angle)  masked  the  pitching  motion  of  the 
aircraft  • 

Such  phasing  between  stick  and  airplane  motion  could  be  considered  a 
violation  of  the  wording  of  this  requirement;  i.e.,  this  is  not  a 
"simple"  use  of  the  pitch  control. 
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3. 8. 4. 2. 4  One-engine-out  stalls 

A.  SEASON  FOR  1BQ01SEHBNT 

Some  multi-engine  airplanes  exhibit  violent,  unacceptable  rolling  or 
yawing  tendencies  in  engine-out  stalls. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3. 4. 2. 1.3.1 


C.  STATEMENT  OF  REQUIREMENT 

3. 8. 4. 2. 4  One-engine-out  stalls.  On  multi-engine  aircraft  it  shall 
be  possible  to  recover  safely  from  stalls  with  the  critical  engine  inop¬ 
erative.  Thrust  on  the  remaining  engines  will  be  at:  _ . 

Thrust  values  or  ranges  should  be  provided  by  the  procuring  activity 
(see  "Guidance  for  Application"). 

D.  RATIONALE  BEHIND  REQUIREMENT 

Loss  of  an  engine  in  low-speed  flight  will  often  lead  to  a  stall, 
especially  in  a  critical  Flight  Phase  such  as  takeoff.  The  large  yawing 
and  rolling  moments  produced  by  an  engine-out  situation  can  then  induce 
a  spin  if  recovery  from  the  stall  is  not  immediate. 

K.  GUIDANCE  FOR  APPLICATION 

For  best  application  of  this  requirement  the  procuring  activity  may 
choose  to  specify  the  Flight  Phases  and  thrust  settings  for  testing. 
MIL-F-8785C  included  the  following  table: 


Flight  Phase 

Thrust 

TO 

Takeoff 

CL 

Normal  climb 

PA 

Normal  approach 

WO 

Waveof f 
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FAR  Part  25  (Reference  118)  requires  that  recovery  be  possible  "with  the 
remaining  engines  at  up  to  75  percent  of  maximum  continuous  power,  or  up 
to  the  power  at  which  the  wings  can  be  held  level  with  the  use  of  maxi¬ 
mum  control  travel,  whichever  Is  less*"  FAR  Part  23  (Reference  161)  Is 
more  severe  In  that  It  has  the  additional  requirement  that  the  airplane 
not  display  any  undue  spinning  tendency  during  the  single  engine  stall 
demonstration • 

Throttling  back  on  the  operating  engines  during  stall  recovery  Is 
allowable. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Flight  testing  will  be  necessary. 

G.  SUPPORTING  DATA 

None. 

H.  LESSONS  LEARNED 

There  is  some  evidence  that  stalls  with  one  engine  inoperative  and 
the  other(8)  at  high  power  have  led  to  departures  and,  in  some  cases,  an 
out-of -control  condition  due  to  a  flat  spin.  This  has  occurred  on  con¬ 
temporary  fighter  aircraft  as  well  as  on  light  twin  engine  aircraft, 
usually  as  a  result  of  delayed  recovery  controls.  Because  of  the 
Inherent  critical  nature  of  this  demonstration,  it  is  recommended  that 
auxiliary  spin  recovery  devices  be  installed  during  the  tests. 
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3. 8. 4. 3  Departures  and  Spins 

A.  REASON  FOR  REQUIRBCENT 


The  conditions  for  consideration  of  departure  and  recovery  from 
post-stall  gyrations  and  spins  are  delineated. 

B.  BELATED  MIL-F-8785C  REQOLRQUMT 


3. 4. 2. 2 


C.  STATEMENT  Of  REQUIREMENT 

3.8.4. 3  Departures  and  Spins .  The  post-stall  gyration  and  spin 
requirements  apply  to  all  modes  of  motion  that  can  be  entered  from 
upsets,  decelerations,  and  extreme  maneuvers  appropriate  to  the  Class 
and  Flight  Phase  Category.  The  requirements  hold  for  all  Aircraft 
Normal  States  and  for  all  states  of  stability  and  control  augmentation 
systems,  except  approved  Special  Failure  States.  Store  release  shall 
not  be  allowed  during  loss  of  control,  spin  or  gyration,  recovery,  or 
subsequent  dive  pullout.  Automatic  disengagement  of  augmentation 
systems,  however,  is  permissible  if  it  is  necessary  and  does  not  prevent 
meeting  any  other  requirements;  re-engagement  shall  be  possible  In 
flight  following  recovery.  Specific  flight  conditions  to  be  evaluated 
are:  _ . 


D.  RATIONALE  BEHIND  REQUIREMENT 

Similar  to  the  introductory  requirement  for  stalls  (3.8. 4. 2),  the 
conditions  to  be  considered  are  specified  for  departures  and  spins. 
Several  lines  of  the  MIL-F-8785C  counterpart  dealing  with  specific  test 
conditions  have  been  removed  to  encourage  more  mission-  and  Flight 
Phase-oriented  requirements.  If  the  user  prefers,  the  more  general  MIL- 
F-8785C  conditions  may  be  specified  (see  "Guidance  for  Application"). 

E.  GUIDANCE  FOR  APPLICATION 

MIL-F-8785C  Included  the  following  as  guidelines  for  testing: 

Entries  from  inverted  flight  shall  be  Included  for  Class  I 
and  Class  IV  airplanes.  Entry  angles  of  attack  and  side¬ 
slip  up  to  maximum  control  capability  and  under  dynamic 
flight  conditions  are  to  be  Included,  except  as  limited  by 
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structural  considerations*  For  all  Class  and  Flight  Phase 
Categories,  thrust  settings  up  to  and  Including  MAT  shall 
be  Included,  with  and  without  one  critical  engine  Inopera¬ 
tive  at  entry. 

Rather  than  tabulate  explicit  conditions  to  be  Investigated,  the  procur¬ 
ing  activity  may  choose  to  simply  require  compliance  with  these  guide¬ 
lines.  However,  Reference  177  takes  exception  to  the  last  sentence 
above: 

The  one-englne-ino? nratlve  requirement  should  not  be  a 
universal  requirement.  It  may  be  a  legitimate  requirement 
for  large  multi-engine  aircraft  but  not  for  twin-engine 
fighters  where  asymmetric  thrust  moments  can  exceed 
available  control  moments.  Inadvertent  loss  of  one  engine 
during  departures  In  the  F-14  Invariably  leads  to  a  non¬ 
recover  able  flat  spin. 

F.  DEMONSTRATION  OF  COMPLIANCE 

If  spin  testing  is  required  for  complying  with  3.8. 4.3. 1  and 
3.8.4. 3.2,  the  contractor  must  follow  the  guidelines  of  this 
requirement.  If  actual  demonstration  Is  not  required,  some  flight 
testing  and  some  analysis  may  still  be  necessary  (see  3. 8. 4. 3.2  and 
discussion) . 

G.  SUPPORTING  DATA 


None. 

H.  LESSORS  LEARNED 

See  discussions  on  the  deep  stall  characteristics  of  the  F-16 
("Lessons  Learned,"  3.8. 4.2.3)  concerning  the  augmentation  system  modi¬ 
fications  used  for  recovery. 
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3.8.4. 3.1  Departure  from  controlled  flight 


▲.  REASON  FOR  REQUIRBfENT 

Departure  resistance  Is  a  prime  concern  for  highly  maneuverable  air¬ 
craft  operating  In  hlgh-angle-of-attack  flight.  So  far  it  has  been 
difficult  to  arrive  at  an  agreed-upon  method  of  predicting  departure 
susceptibility. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3. 4. 2. 2.1 


C.  STATEMENT  OF  REQUIREMENT 


3. 8. 4. 3.1  Departure  from  controlled  flight.  The  aircraft  shall  be 
resistant  to  departure  from  controlled  flight,  post-stall  gyrations  and 
spins.  Adequate  warning  of  approach  to  departure  (3. 8. 4.1)  shall  be 
provided.  The  airplane  shall  exhibit  no  uncommanded  motion  which  cannot 
be  arrested  promptly  by  simple  application  of  pilot  control. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  definitions  of  departure  susceptibility  and  resistance  from  MIL- 
S-87691A  are  pertinent  here: 

Extremely  susceptible  to  departure:  departure  from 
controlled  flight  will  generally  occur  with  the 
normal  application  of  pitch  control  alone  or  with 
small  roll  and  yaw  control  Inputs. 

Susceptible  to  departure:  departure  from  controlled 
flight  will  generally  occur  with  the  application  or 
brief  misapplication  of  pitch  and  roll  and  yaw  con¬ 
trols  that  may  be  anticipated  in  operational  use. 

Resistant  to  departure:  departure  from  controlled 

flight  will  only  occur  with  a  large  and  reasonably 
sustained  misapplication  of  pitch  and  roll  and  yaw 
controls . 

Extemely  resistant  to  departure:  departure  from 

controlled  flight  can  only  occur  after  an  abrupt  and 
inordinately  sustained  application  of  gross,  abnor¬ 
mal,  pro-departure  controls. 
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MIL-F-8785C  required  the  airplane  to  be  extremely  resistant;  this 
has  been  reduced  to  resistant.  In  the  words  of  Reference  177,  "The 
requirement  of  'extremely  resistant  to  departure'  can  be  expected  to 
dictate  aircraft  configuration  or  flight  control  system  complexity,  or 
both  —  precisely  what  the  using  commands  warn  against.  Their  prefer¬ 
ence  Is  that  the  aircraft  be  departure/spin  resistant."  See  also 
"Lessons  Learned,"  3.8.4.  Easing  this  requirement  also  allows  for  those 
(admittedly  rare)  occasions  when  pilots  of  Class  IV  airplanes  want  to 
use  departure  as  a  last-ditch  evasive  maneuver  during  air  combat.  The 
major  difference,  reflected  in  the  definitions  above,  is  in  requiring 
"reasonably  sustained  application  of .. .controls"  and  "inordinately 
sustained  application  of  gross,  abnormal,  pro-departure  controls"  for 
producing  a  departure.  This  difference  should  not  be  important  except 
during  air-to-air  combat. 

A  requirement  for  a  departure  warning  (see  3.8.4. 1)  reflects  pilots' 
concerns.  According  to  Reference  177, 

Warning  is  needed  which  is  separate  and  distinct  from 
stall  warning.  Margins  (maximum  and  minimum)  between 
warning  onset  and  actual  departure  should  be  dependent 
upon  pitch  control  power  (how  rapidly  the  aircraft  can 
transit  the  warning  region) ,  departure  severity,  spin 
susceptibility,  and  aircraft  mission. 

Several  quantitative  requirements  were  suggested  in  Reference  170. 
While  there  is  insufficient  support  for  incorporating  them  as  such,  they 
may  be  very  useful  for  guidance  in  early  analysis.  Detailed  discussion 
of  this  reference  is  given  in  "Supporting  Data."  A  fixed-base  piloted 
simulation  of  an  F-4J  found  that: 

...pilot  perception  of  lateral-directional  departure 
susceptibility  is  related  to  one  zero  of  the  numera¬ 
tor  n|  (^stk  is  lateral  stick,  commanding  ailerons 
and  s^ofLers]  becoming  negative.  Root  magnitudes 
more  negative  than  -0.5  rad/sec  were  consistently 
rated  as  departure-susceptible,  while  those  less 
negative  (or  positive)  are  rated  as  departure- 
resistant.  This  criterion  reflects  a  closed- loop 
divergence  rate  limit  related  to  the  pilot's  theshold 
for  uncommanded  motion  or  ability  to  cope.  As  such 
it  is  a  pilot-centered  criterion  which  should  be 
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applicable  for  any  flight  situation,  although  It  has 
been  Identified  In  a  1 ow -Mac h-n umber ,  fixed-base 
simulation.  It  Is  consistent  with  the  empirically 
established  airframe-alone  departure/spin  criterion 
boundaries  of  Welssman  [Reference  175]  and  extends 
applicability  of  that  criterion  [Lateral  Control 
Divergence  Parameter,  LCDP]  to  highly  augmented 
airframe  cases.  It  Is  also  consistent  with  previous 
ln-fllght  simulation  of  maximum  controllable  aperi¬ 
odic  divergence  rates.  Finally,  it  serves  as  both  a 
design  guide  and  a  flying  quality  specification  Item. 

The  Lateral  Control  Divergence  Parameter  Is  defined.  In  stability 
axes,  as 


^6 a 

“DP  -  CnB  -  C^  C*B 

Generally,  LCDP  should  be  greater  than  about  -0.001.  For  the  unaug¬ 
mented  airframe,  according  to  Reference  170, 

A  value  of  1/T^  “  -0.5  corresponds  for  the  airframe 

tested  to  an  effective  LCDP  of  -0.001  and  thus  is 
consistent  with  and  supports  the  empirically  derived 
LCDP  departure  boundary  developed  by  Welssman. 

And,  finally,  a  recommendation  that  no  aperiodic  uncommanded  motion 
exceed  20  deg/sec  was  made  In  Reference  170,  "based  on  a  rough  average 
of  the  simulation  pilots'  commentary  as  to  their  definitions  of 
departure." 

E.  GDI DANCE  FOR  APPLICATION 


This  qualitative  requirement  Is  subject  to  the  usual  Interpretation 
problems.  There  is  a  need  for  some  limit  between  what  Is  labeled  a 
"stall"  or  a  "departure." 

F.  DEMONSTRATION  OF  COMPLIANCE 


Flight  testing  is  almost  a  necessity  since  it  is  difficult  to  define 
an  accurate  aerodynamic  model  for  post-stall  flight.  If  simulation  Is 
allowed,  the  procuring  activity  may  prefer  fixed-base  over  moving-base 
to  avoid  problems  with  confusing  or  unrealistic  motions  that  might 
influence  pilots'  perceptions. 


697 


C.  SUPPORTING  ORTA 


Recent  research  contracts  sponsored  by  the  Air  Force  have  generated 
Information  Into  the  causes  of  departures  and  spins.  Some  of  these  are 
discussed  In  Reference  176;  examples  of  resulting  reports  Include  Refer¬ 
ences  168,  170,  175,  and  177. 

In  the  fixed-base  piloted  8imulation  of  Reference  170,  various 

maneuvers  (bank-to-bank  and  windup  turns,  and  pullups)  were  performed 
with  and  without  a  target  aircraft.  The  simulated  aircraft  was  based 
upon  an  F-4J,  and  aerodynamic  parameters  were  varied  to  assess  the 
effects  of  these  parameters  on  handling  qualities.  Evaluations  of 
departure  susceptibility  or  resistance  (based  upon  the  MIL-F-83691A 
definitions,  see  "Rationale  Behind  Requirement")  were  different  for  the 
two  pilots. 

In  closed-loop  pilot/vehicle  analysis  it  was  found  that  flying 

techniques  at  high  angles  of  attack  were  quite  different  for  the  two 
pilots.  However,  a  correlating  factor  was  found  to  be  the  value  of  one 
zero  of  the  roll  attitude  numerator  Ntstlc>  where  simply  indicates 

that  lateral  stick  controls  a  combination  of  ailerons  and  rolling  spoil¬ 
ers  (of  the  six  aerodynamic  configurations  evaluated,  two  lncl'xied 
lateral  augmentation  with  a  stick-to-r udder  interconnect  as  well).  At 
high  angles  of  attack  and  in  asymmetric  flight.  Reference  170  shows  that 
extreme  adverse  aileron  yaw  or  lateral-longitudinal  coupling  can  produce 
an  unstable  zero  in  the  h|  ^  numerator.  (This  zero  may  be  first-order, 
or  second-order  if  <  1),  while  the  vehicle  dynamics  (i.e,  £p,  <dp, 

C8p,  u>8p,  1/Tr,  1/Ta,  cd,  and  u>d)  may  all  be  acceptable.  Thus,  the 

vehicle  controls-free  is  stable,  but  pilot  attempts  to  control  roll 
attitude  can  produce  a  closed-loop  instability,  as  shown  in  the  sketch 
below: 


Results  of  the  Reference  170  simulation  found  strong  correlation 
between  the  value  of  1/T^  at  departure  and  pilot  evaluations  of  depar¬ 
ture  susceptibility.  Figure  1. 

For  classical  aircraft  with  no  lateral-longitudinal  coupling,  the 
square  of  the  N|gtk  frequency  term,  [or  (1  /T^ )  (1  /T,^)!  *8  approxi¬ 
mated  (Reference  66)  by: 


<4  *  *»$ 


^6 a 

■  %  '  %  C^ 


3Sb 

*z 


LCDP,  which  is  defined  by  the  bracketed  expression  above,  is  simply  a 

2 

non-dimensional  approximation  for  u>^.  In  the  Reference  170  evaluation, 
1/T^j  of  -0.5  corresponded  to  LCDP  of  -0.001. 

1.  LESSORS  LEARNED 

None. 
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Recovery  Initiation,  a  (deg) 


Figure  1  (3. 8. 4. 3.1).  Departure  Susceptibility  Rating 
Versus  Lateral  Closed-Loop  Divergence  Potential 
(from  Reference  170) 
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3. 8. 4. 3. 2  Recovery  from  post-stall  gyrations  and  spins 


A.  REASON  FOR  REQUIREMENT 


Recovery  from  post-stall  gyrations  and  spins  must  be  possible  and 
prompt,  with  simple  control  application. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3. 4. 2. 2. 2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3. 8. 4. 3. 2  Recovery  from  post-stall  gyrations  and  spins.  For 
aircraft  that,  according  to  MIL-A-8861,  must  be  structurally  designed 
for  spinning: 

a)  The  proper  recovery  technique(s)  must  be  readily 
ascertained  by  the  pilot,  and  simple  and  easy  to  apply 
under  the  motions  encountered. 

b)  A  single  technique  shall  provide  prompt  recovery  from 

all  post-stall  gyrations  and  incipient  spins,  without 
requiring  the  pilot  to  determine  the  direction  of 
motion  and  without  tendency  to  develop  a  spin.  The 
same  technique  used  to  recover  from  post-stall  gyra¬ 
tions  and  incipient  spins,  or  at  least  a  compatible 
one,  is  also  desired  for  spin  recovery.  For  all  modes 
of  spin  that  can  occur,  these  recoveries  shall  be 
attainable  within:  _ . 

c)  Avoidance  of  a  spin  reversal  or  an  adverse  mode  change 
shall  not  depend  upon  precise  pilot  control  timing  or 
deflection.  It  is  desired  that  all  aircraft  be 
readily  recoverable  from  all  attainable  attitudes  and 
motions.  The  post-stall  characteristics  of  those 
aircraft  not  required  to  comply  with  requirements  of 
this  paragraph  shall  be  determined  by  analysis  and 
model  test. 

d)  Safe  and  consistent  recovery  and  pullouts  shall 

be  accomplished  without  exceeding  the  following 
forces:  _ ,  and  without  exceeding  struc¬ 

tural  limitations. 
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Recommended  values 

:  Recovery  should 

be  specified 

in  terms  of  allow- 

able  altitude  loss  or 

number  of  turns. 

measured  from 

the  initiation  of 

recovery  action: 

Turns  for 

Altitude 

Class 

Flieht  Phase 

Recovery 

LoS8* 

I 

Category  A,  B 

1-1  n 

1000  ft 

I 

PA 

1 

800  ft 

Other  classes 

PA 

1 

1000  ft 

Other  classes 

Category  A,  B 

2 

5000  ft 

*Not  Including  dive  pullout. 


For  conditions  that  require  control  actions  in  more  than  one  axis  it 
is  recommended  that  the  forces  specified  by  Para.  3.8.3,  Control  Har¬ 
mony,  be  applied. 

D.  RATIONALE  BEHIND  REQUIREMENT 

Reference  122  described  the  evolution  of  the  Mil-F-8785  require¬ 
ments: 

Prior  to  Amendment  1  to  MIL-F-8785B  there  had  been  no  gen¬ 
eral  requirements  on  post-stall  gyrations,  as  distinguished 
from  spins.  MIL-F-8785B  had  only  a  reference  to  the  then- 
current  spin  demonstration  requirements  of  the  Air  Force 
(MIL-S-2501 5)  and  the  Navy  (MIL-D-8708) .  For  airplanes  to 
be  spun,  MIL-S-25015  required  ready  recovery  from  incipient 
and  fully  developed  (5-turn)  spins  —  1-turn  spins  for 
landing,  2  turns  inverted.  MIL-F-8785B  Amendment  1  kept  the 
MIL-S-25015  numbers  of  turns  for  spin  rec.very  and  added 
more  bounds  on  altitude  loss  during  recovery.  The  Class  I 
requirements  are  similar  to  those  of  FAR  Part  23  for  the 
Aerobatic  Category.  Amendment  2  deleted  all  altitude 
bounds,  on  the  premise  that  wing  loading  and  drag  are  set  by 
other  considerations,  leaving  only  turns  for  recovery  to 
determine  altitude  loss,  and  that  these  bounds  on  turns  for 
recovery  could  not  reasonably  be  reduced  further.  Amendment 
2  also  deleted  a  number  of  Amendment  l's  "specifics"  on 
departure  techniques,  as  well  as  an  Amendment  1  requirement 
for  the  start  of  recovery  to  be  apparent  within  3  seconds 


or  one  8pln  turn*  Those  specification  features  Indicated 
desirable  tests  and  characteristics,  but  added  considerable 
detail  in  areas  rtiere  design  capability  is  lacking.  That 
material  is  felt  to  be  more  pertinent  to  a  flight  demonstra¬ 
tion  specification  such  as  MIL-S-83691* 

Changes  from  MIL-F-8785C  reflect  real-world  approaches  to  spin 
recovery*  The  specification  of  recovery  in  terms  of  altitude  loss  is  a 
return  to  Amendment  1  of  M1L-F-8785B,  based  upon  what  the  pilot  really 
is  concerned  about*  For  example,  the  piloted  simulation  of  Reference 
170  included  an  airplane  model  that  would  not  spin,  but  showed  a 

...low-frequency  wallowing  that  masks  departure.  At  the 
same  time,  the  wallowing  does  not  generate  sufficiently 
rapid  motion  to  excite  inertia  cross-coupling  and  PSG.  All 
pilots  tended  to  continue  fighting  to  maintain  control  well 
past  full  stall,  incurring  excessive  altitude  loss.  How¬ 
ever,  if  controls  were  released  at  any  time  the  aircraft 
would  Immediately  go  into  a  nose-low  spiral  and  recover  by 
Itself . 

The  hlgh-AOA  characteristics  were  otherwise  considered  quite  good,  but 
the  excessive  loss  of  altitude  was  unacceptable:  "pilot  commentary 

indicated  the  overall  departure  ratings  were  heavily  influenced  by  alti¬ 
tude  loss  and  mission  phase." 

Reference  177  also  shows  preference  for  an  altitude-based  metric: 

Altitude  loss  per  turn  can  vary  drastically  with  different 
spin  modes  (e.g.,  steep  versus  flat),  and  a  given  vehicle 
may  exhibit  more  than  one  spin  mode.  The  allowable  altitude 
loss,  which  is  highly  mission-related  (e.g.,  air-to-ground 
versus  air-to-air),  appears  to  be  a  more  appropriate  recov¬ 
ery  metric  than  turns  for  recovery. 

Ideally  the  altitude-loss  requirement  would  also  be  a  function  of 
altitude  above  the  ground,  since  a  PSG  at  (say)  80,000  ft  would  not  be 
as  critical  as  one  at  2000  ft  above  the  ground. 

E.  GUIDANCE  FOR  APPLICATION 

This  requirement  is  intended  for  airplanes  that  must  be  designed  to 
withstand  the  forces  of  post-still  gyrations  and  spins,  based  upon  MIL¬ 
A-8861. 


F.  DEMOBS  TBATIOH  OF  COMPLIANCE 


The  procuring  activity  may  choose  to  require  flight  testing  for  some 
airplanes  (especially  Classes  I  and  IV)  .  Analysis  and  spin-model 
testing  may  augment  these  flight  tests  or,  for  other  aircraft,  take 
their  place. 

G.  SUPPORTING  DATA 


None. 

H.  LBS  SMS  IZARHEP 


The  F-4  series  of  airplanes  serve  as  excellent  examples  of  what  Is 
good  and  bad  with  this  requirement.  Reference  130  summarizes  a  wide 
body  of  experience  in  spin  testing  of  the  F-4.  The  airplane  was  pre¬ 
dicted  by  model  tests  to  have  steep  erect  and  inverted  oscillatory  modes 
as  well  as  a  flat  spin  mode.  Reference  130  quotes  flight-test  reports 
concerning  spin  testing.  For  the  F-4B, 

A  typical  spin  was  initiated  by  applying  pro-spin 
controls  at  the  stall  which  resulted  In  the  airplane  yawing 
In  the  direction  away  from  the  applied  aileron.  After  the 
initial  yaw  the  airplane  would  pitch  nose-down  to  about  60° 
to  80°  at  the  1/4  turn  position  followed  by  an  Increase  in 
yaw  rate.  After  1/2  turn  In  yaw  the  airplane  would  pitch  up 
to  near  level  and  In  some  cases  10°  to  20°  ANU,  depending 
upon  the  energy  conditions  at  entry.  The  yaw  rate  was 
usually  at  a  minimum  when  the  pitch  attitude  (and  angle  of 
attack)  was  at  a  maximum.  The  airplane  was  concurrently 
oscillating  ±60°  In  roll  with  no  apparent  relationship  to 
pitch  or  yaw.  The  motions  were  extremely  oscillatory  for 
the  first  2  to  3  turns.  After  3  to  4  turns  steady-state 
conditions  were  approached  and  although  the  oscillations 
remained,  the  amplitude  and  period  became  constant. .. .Pro- 
spin  controls  were  held  for  up  to  4-1/2  turns.  The 
characteristics  of  the  spin  were  similar  for  both  left  and 
right  spins;  however,  each  spin  was  different  in  some  aspect 
from  the  others  even  under  apparently  identical  entry 
conditions . 

Standard  recovery  from  incipient  and  developed  spins  was  consistent 
and  effective  in  all  but  flat  spins.  It  also  failed  to  meet  the  recov¬ 
ery  requirement,  since  the  pilot  had  to  determine  the  direction  of 
motion: 
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The  recovery  technique  used  after  one  turn  In  the 
incipient  stage  and  in  the  fully  developed  spli  was  full  aft 
stick,  full  rudder  against  the  spin,  and  full  aileron  with 
the  spin*  This  technique  would  generally  affect  recovery  in 
1/2  to  1-1/2  turns, •••The  primary  visual  cue  that  recovery 
had  been  effected  was  the  cessation  of  yaw.  As  the  yaw  rate 
stopped  the  controls  had  to  be  neutralized  rapidly  to  pre¬ 
vent  a  reversal.  The  time  at  which  controls  were  neutral¬ 
ized  was  critical.  If  controls  were  neutralized  before  the 
yaw  rate  ceased,  the  airplane  would  accelerate  back  into  the 
spin,,,,  and  if  they  were  not  neutralized  within  the  one 
second  after  the  yaw  rate  stopped,  the  spin  direction  would 
reverse,,, in  most  cases,  the  recovery  was  indistinct  because 
of  residual  oscillations,  particularly  in  roll.  Even  though 
the  yawing  had  been  arrested  and  the  angle  of  attack  was 
below  stall  the  aircraft  would  roll  up  to  540°  in  the  same 
direction  as  the  terminated  spin.  The  residual  oscillations 
were  easily  mistaken  for  a  continuation  of  the  spin, 

A  flat  spin  led  to  loss  of  the  airplane  (Figure  1),  The  airplane 
was  stalled  with  throttles  idle  and  pro-spin  controls.  It  entered  a 
post-stall  gyration,  but  did  not  progress  to  an  incipient  spin,  "After 
15  seconds  the  pilot  attempted  to  terminate  the  post-stall  gyration  by 
netralizing  the  rudder  and  aileron  and  by  placing  the  stick  forward  of 
neutral,"  control  motions  in  keeping  with  the  requirement  that  the 
recovery  not  be  dependent  on  determination  of  the  direction  of  motion. 
However,  according  to  Reference  130, 

A  left  yaw  rate  developed,  and  the  airplane  entered  a 
left  incipient  spin.  After  1-2  turns  the  oscillations 
diminished  and  the  flat  spin  mode  became  apparent.  Anti¬ 
spin  controls  were  applied  but  had  no  significant  effect  on 
the  spin  characteristics.  The  drag  chute  was  deployed  at 
33,000  ft,  but  again  it  streamed,  did  not  blossom,  and  had 
no  effect  on  the  spin.  At  27,000  ft  the  emergency  spin 
recovery  chute  was  deployed,  but  it  also  streamed.  As  a 
last  resort  the  flight  controls  were  cycled  in  an  attempt  to 
Induce  oscillations  in  the  spin  motions  and/or  to  change  the 
wake  characteristics  between  the  airplane  and  the  spin 
chute.  The  only  apparent  effect  of  the  control  cycling  was 
an  increase  in  yaw  rate  to  above  100°/sec« 

These  results  serve  to  emphasize  the  importance  of  approaching  spin 
testing  with  great  care.  More  recent  airplanes  support  the  need  to  make 
this  requirement  very  flexible. 
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Figure  1  (3. 8. 4. 3. 2).  Left  Flat  Spin,  F-4B 
(from  Reference  130) 


Recovery  from  the  F-16  deep  stall  ("Lessons  Learned,"  3.8.4. 2.3) 
required  both  a  manual  pitch  SAS  override  switch  and  proper  application 
of  longitudinal  stick  to  "rock"  the  airplane  out  of  the  stall  —  an 
action  which  required  the  pilot  to  determine  the  direction  of  motion, 
albeit  in  pitch  and  not  yaw. 

High-angle-of-attack  testing  of  the  F-18  (Reference  245)  has 
uncovered  spin  modes  not  unlike  those  of  the  F-4: 

•  A  low  yaw  rate  spin  was  identified  using  asym¬ 
metric  thrust  to  force  the  entry.  It  was  char¬ 
acterized  by  yaw  rates  between  20°  and  40°/ 
second,  an  angle  of  attack  between  50°  and  60°, 
a  steep  nose-low  attitude,  and  fairly  smooth 
pitch  and  roll  rates. 

*  An  oscillatory  intermediate  mode  with  yaw  rates 
between  50°  and  80°/second  and  an  angle  of 
attack  between  60°  and  80°. 
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•  A  smooth  flat  mode  at  90°  to  140°/ second  yaw 
rate  with  an  angle  of  attack  between  80°  and 
85°. 

The  latter  two  modes  were  entered  by  defeating  the  Control 
Augmentation  System  (CAS)  and  removing  all  feedback  control 
limiting . 

During  these  tests,  150  entries  were  attempted  with  over 
100  resultant  spins*  Since  the  low  mode  could  be  entered 
with  CAS  on,  a  manual  CAS  defeat  switch  ms  Installed  to 
allow  pilot  access  to  maximum  control  authority  for  recov¬ 
ery.  Using  this  switch  and  lateral  stick  into  the  spin,  a 
single  recovery  technique  was  identified  for  all  three  spin 
modes • 

The  "low  mode"  spin  Is  not  unlike  the  F-16's  deep  stall,  and  recovery 
with  a  CAS  defeat  switch  is  similar.  Again,  recovery  from  all  three 
spin  modes  required  determination  of  the  direction  of  motion  to  apply 
lateral  stick  Into  the  spin. 
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3.9  HANDLING  QUALITY  REQUIREMENTS  IN  ATMOSPHERIC  DISTURBANCES 

3.9.1  Allowable  Handling  Qualities  Degradations  in  Atmospheric 

Disturbance 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  Is  Included  to  provide  a  rational  means  for 
specifying  the  allowable  degradation  in  handling  qualities  in  the 
presence  of  increasing  atmospheric  disturbances.  It  is  especially 
important  to  stress  applicability  in  atmospheric  disturbances  because 
most  flight  testing  is  done  in  calm  air.  There  is  considerable  evidence 
that  atmospheric  disturbances  can  expose  handling  qualities  cliffs  which 
are  not  apparent  in  calm  air  (for  example,  see  Reference  222). 

B.  RELATED  MIL-F-8785C  REQUIREMENT 


3.8 


C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALDES 

3. 9. 1  Allowable  Handling  Qualities  Degradations  in  Atmospheric 

Disturbances.  Level  _  flying  qualities  are  required  for  atmospheric 

disturbance  levels  up  to  and  including  _  and 

wind  shears  of  magnitude _ . 

1.  Recommendations  for  Flying  Quality  Levels 

The  required  flying  quality  Levels  are  to  be  adjusted  according  to 
Table  1  or  Table  2,  depending  on  the  definition  selected  in  Paragraph 
1.7  (i.e.,  pilot  ratings  or  adjectival  phrases). 

2.  Definitions  of  Moderate,  Severe, 
and  Extreme  Turbulence 

a.  Flight  Test 

Wherever  possible,  the  atmospheric  disturbances  that  existed  during 
the  flight  test  should  be  measured  and  applied  to  Tables  1  and  2 
according  to  the  definitions  in  Table  3. 
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Tbe  definitions  in  Table  3  are  suggested  for  establishing  distur¬ 
bance  magnitudes  encountered  in  flight  test  when  quantitative  measure¬ 
ments  cannot  be  made. 

b.  Simulation 

Light,  moderate,  and  severe  turbulence  levels  are  defined  quantita¬ 
tively  in  terms  of  rms  horizontal  gust  (oq  )  in  Table  4.  It  is  not 
necessary  or  even  desirable  to  vary  the  gust  magnitude  as  a  function  of 
position  or  altitude  when  complying  via  simulation.  The  recommended 
windshears  are  given  as  follows: 

o 

Decreasing  Headwind:  S^max  not  to  excee<*  3.4  ft/sec 

2 

Decreasing  Tailwind:  ®Ymin  riot  to  excee<^  1*7  ft/sec 


Decreasing  Headwind: 
Decreasing  Tailwind: 
Vector  Shear: 

Duration  of  All  Shears: 


9  deg/sec;  Vw  =  20  kt 
At  least  10  sec 


where  „  is  the  maximum  power  climb  angle  in  the  configuration  used  at 

ujaX 

wind  shear  initiation.  Ymin  is  the  flight  path  angle  for  flight  idle  in 
the  configuration  used  at  wind  shear  initiation. 


TABLE  4  (3.9.1) 

ATMOSPHERIC  DISTURBANCE  DEFINITIONS  FOR 
SIMULATION  AND  FLIGHT  TEST 


MAGNITUDE 

°ug 

(ft/sec) 

Light 

0-3 

Moderate 

5 

Severe 

10 

Extreme 

24 
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Finally,  the  following  steady  crosswind  components  corresponding  to 
"light,"  "moderate,"  and  "severe"  disturbances  are  recommended: 


Qualitative  Atmospheric 
Disturbance  Level 

Steady  Crosswind 
(kt> 

Light 

0-10 

Moderate 

11-30 

Severe 

31-45 

These  crosswinds  should  exist  at  touchdown*  When  complying  via  piloted 
simulation,  the  wind  values  may  be  invariant  with  time,  position,  or 
altitude.  In  flight  test  it  is  only  necessary  that  the  crosswind 
component  specified  exist  at  altitudes  high  enough  to  require  the  pilot 
to  establish  a  definite  crosswind  correction  prior  to  touchdown. 

D.  RATIONALE  BEHIND  REQUIREMENT 


The  intent  of  this  requirement  is  to  insure  that  atmospheric  turbu¬ 
lence  is  accounted  for  in  a  reasonable  way.  The  adjustments  in  Level 
definitions  are  presented  in  terms  of  adjectival  phrases  and  Cooper- 
Harper  pilot  ratings  to  be  consistent  with  the  definitions  in  Paragraph 
1. 7.  The  definitions  that  use  pilot  ratings  allow  a  more  fine-grained 
distinction.  This  has  been  utilized  to  define  a  more  appropriate  degra¬ 
dation  in  flying  qualities  with  turbulence.  For  example,  the  Level  1 
definition  in  Moderate  turbulence  is  5-1/2  (as  opposed  to  6-1/2).  The 
rationale  for  this  is  summarized  as  follows: 


•  Adequate  performance  should  be  obtainable  with 
considerable  compensation;  extensive  compensation 
is  felt  to  be  excessive  for  flight  in  moderate 
turbulence  (see  Figure  1). 


*  During  a  several-year  simulation  effort  to 
develop  STOL  airworthiness  criteria  for  the  FAA 
the  evaluation  pilots  generally  agreed  that  5-1/2 
represented  adequate  safety  for  normal  opera¬ 
tion  (the  standard  used  in  that  simulation 
was  4.5  ft/sec).  ® 


A  Cooper-Harper  rating  of  7-1/2  was  assigned  to  "severe"  turbulence 
for  Level  1  (see  Table  1).  This  choice  was  based  on  the  rationale  that 
according  to  Table  3  control  is  momentarily  lost  in  severe  turbulence. 


adequacy  for  selected  task  or 

REQUIREO  OPERATION* 


AIRCRAFT 

CHARACTERISTICS 

DEMANDS  ON  THE  PILOT 

IN  SELECTED  TASK  OR  REQUIRED  OPERATION* 

Excellent 

Pilot  compensation  not  a  factor  for 

Highly  desirable 

desired  performance 

Good 

Pilot  compensation  not  a  factor  for 

Negligible  deficiencies 

desired  performance 

Fair  —  Some  mildly 

Minimal  pilot  compensation  required  for 

unpleasant  deficiencies 

desired  performance 

Minor  but  annoying 
deficiencies 

Desired  performance  requires  moderate 
pilot  compensation 

n 

Moderately  objectionable 

Adequate  performance  requires 

deficiencies 

considerable  pilot  compensation 

Very  objectionable  but 

Adequate  performance  requires  extensive 

tolerable  deficiencies 

pilot  compensation 

Major  deficiencies 

Adequate  performance  not  attainable  with 
maximum  tolerable  pilot  compensation. 
Controllability  not  in  question 

— i 

Major  deficiencies 

Considerable  pilot  compensation  is  required 
for  control 

Major  deficiencies 

Intense  pilot  compensation  is  required  to 
retain  control 

.  -v  V.  \ 

H 

Major  deficiencies 

Control  will  be  lost  during  some  portion  of 
required  operation 

Coops' Harpsr  Ret  NASA  TND- 51 53 


•  Definition  ot  required  operation  involves  designation  of  flight  phase  and/or 
subphases  with  accompanying  conditions 


Figure  1  (3.9.1).  Handling  Qualities  Rating  Scale 
Used  to  Define  Handling  Quality  Levels 


This  seems  consistent  with  a  pilot  rating  of  7-1/2  (Figure  1),  which  is 
between  "controllability  not  in  question"  and  "considerable  pilot  com¬ 
pensation  required  for  control."  This  latter  distinction  also  seems 
appropriate  for  Level  2  flying  qualities  in  "moderate"  atmospheric 
dsiturbance  (Table  1). 

In  some  cases  the  expected  motions  due  to  turbulence  are  suffi¬ 
ciently  extreme  that  pilot  ratings  are  not  appropriate.  In  these  cases 
statements  relating  to  survivability  are  used  in  both  Tables  1  and  2. 

Rationale  for  choosing  the  magnitudes  of  wind  shear  which  are 
included  in  the  definition  of  Moderate  atmospheric  disturbance  is 
discussed  in  Paragraph  3.9.2. 

The  concept  of  accounting  for  degradations  in  flying  qualities  in  a 
flying  qualities  specification  was  introduced  in  Reference  163  and 
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discussed  at  some  length  in  the  flying  quality  workshops  held  in  1978 
and  1979  at  the  USAF  Flight  Dynamics  Laboratory  (References  260  and 
261).  A  primary  objection  has  been  that  it  is  impractical  to  measure 
turbulence  in  flight  test.  An  example  where  such  measurements  were  suc¬ 
cessfully  made  is  given  by  Reference  262.  Since  it  is  not  always  possi¬ 
ble  to  make  such  measurements,  we  have  elected  to  allow  an  alternate, 
more  qualitative  estimate  according  to  the  Table  3  descriptors.  The 
weakness  in  such  an  approach  lies  in  the  obvious  fact  that  the  descrip¬ 
tors  in  Table  3  describe  the  aircraft  response  which  in  fact  depends  to 
a  varying  extent  on  the  handling  qualities  that  we  are  trying  to  deter¬ 
mine.  However,  for  all  but  direct  force  control  augmentors,  the  des¬ 
criptors  of  aircraft  path  response  are  a  reasonable  clue  as  to  the 
approximate  magnitude  of  atmospheric  disturbances.  It  would  seem, 
therefore,  that  there  are  a  sufficient  number  of  quantitative  descrip¬ 
tors  to  allow  test  pilots  to  define  the  turbulence  environment. 

In  simulation,  the  details  of  the  disturbance  environment  are  known 

exactly.  The  values  of  au  corresponding  to  "light,"  "medium,"  and 

8 

"severe"  turbulence  are  based  on  qualitative  experience  as  reported  in 
Reference  122.  The  plot  in  Figure  2  (taken  from  Reference  122)  shows 
the  relationship  between  the  qualitative  definitions  and  the  probability 

of  equaling  or  exceeding  a  given  level  of  Ou  . 

8 

E.  GUIDANCE  FOE  APPLICATION 

Experience  has  shown  that  the  atmospheric  disturbance  environment 
which  we  have  labeled  as  "Moderate"  is  sufficient  to  force  the  pilot 
into  the  aggressive  control  activity  that  generally  exposes  handling 
deficiencies  when  they  exist.  Hence,  it  is  recommended  that  the  major 
effort  be  spent  investigating  the  "Moderate"  disturbance  level.  Simi¬ 
larly,  during  flight  test  there  is  no  compelling  reason  to  seek  out 
mountain  waves  or  thunderstorms  to  comply  with  the  "Severe"  and 
"Extreme"  requirements  stated  in  this  requirement.  Of  course,  if  the 
mission  specifically  dictates  flight  in  severe  disturbances  a  signifi¬ 
cant  portion  of  the  time,  these  conditions  should  be  duly  accounted  for 
in  the  specification  compliance. 
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There  may  be  aerodynamic  and  flight  control  system  nonlinearities 
that  are  affected  by  very  large  disturbances*  Such  effects  should  be 
investigated  in  manned  simulation  with  the  severe  and  extreme  magnitudes 
of  atmospheric  disturbances  specified  In  Table  4. 

G.  SUPPORTING  DATA 
Does  not  apply. 

H.  LESSONS  LEARNED 

No  specific  examples  are  felt  to  be  necessary  since  it  is  well  known 
that  flying  qualities  are  strongly  affected  by  atmospheric  disturbances. 
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3.9.2 


ion  of  Atmospheric  Disturbance  Model  Fo rm 


A.  REASON  FOR  REQUIRBIERT 

This  requirement  is  included  to  provide  a  turbulence  model  to  be 
utilized  when,  by  agreement  with  the  procuring  activity,  demonstration 
of  compliance  is  to  be  performed  via  simulation. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 
3.7.1,  3.7.2,  3.7.3,  3.7.4 

C.  STATEMENT  ON  REQUIREMENT 

3. 9. 2  Definition  of  Atmospheric  Disturbance  Model  Form.  When  com¬ 
pliance  via  demonstration  is  to  be  carried  out  using  piloted  simulation, 
an  atmospheric  disturbance  model  appropriate  to  the  piloting  task  shall 
be  included.  As  a  minimum,  the  atmospheric  disturbance  model  shall 
consist  of  _ . 

1.  Recommended  Random  Wind  Component 

The  recommended  standard  random  wind  component  consists  of  the  basic 
Dryden  spectral  fono  for  each  of  the  translational  and  rotary  components 
considered  necessary.  These  spectral  forms  are: 
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where 


*p  (A)  "  oi  ^ - 7 - rr 

p8  p8  *  1  +  (L_fl)2 


*<,(£>)  -  - r-= - rr  *w  («) 

q8  1  +  [  (4b/ir)«]2  wg 


vo>  ■  vfl> 


*x(£l)  dfl 


fl  -  id/V 


b  «  wing  span 

The  primary  determinant  of  turbulence  intensity  Is  o„  and  the 

S 

values  to  be  used  for  evaluation  of  flying  qualities  are  given  in 
Table  4  (3.9.1).  The  relationships  between  translational  intensities 
and  scale  lengths  are: 


Lu  ZLV  2Lw 

For  the  p-gust  the  intensity  and  scale  length  are  associated  with  the 
w-gust  by: 


Some  lengths  are  set  according  to  altitude  by  the  following  relation¬ 
ships: 

L,,  -  Ly 

Lu  “  Lv 

Lw  -  h 
Lu  * 

L„  -  hQ 

where  h  is  the  center  of  gravity  height  above  ground,  hQ  ■  10  ft,  and 
hl  -  1750  ft. 

A  summary  of  the  recommended  digital  filter  Implementation  is  given 
In  Table  1 . 

2.  Been— ended  Hind  Shear  Component 

The  recommended  standard  wind  shear  is  represented  by  a  constant 
time  rate  of  change  of  wind  speed  and  direction. 

For  t  <  tQ, 

ug  -  V0  cos  t0  »  vg  *  Vo  sin  ^o 

for  t  >  tf, 

ug  *  vf  coa  'I'f  •  Vg  ■  Vj  sin  tf 

and,  for  the  duration  of  the  shear,  t  <  t  <  t^ 

t  -  t0  .  . 

ug  -  V0  cos  +  ty'St  lVf  cos  +f  "  Vo  cos  'M 


■  1^  ■  hj  for  h  >  1750  ft 

-  3/h|h 

for  hc  <  h  <  h^ 


- 

1  o 

for  h  <  ft 


720 


TABLE  1  (3.9.2).  DIGITAL  FILTER  IMPLEMENTATION 


and 


vg  ■  vo  8in  +  7“ - r  (vf  8±n  *f  “  vo  8*“  *o) 

*-f  t0 

where 

VQ  •»  Initial  wind  velocity 
4>c  “  Initial  wind  angle 
Vf  -  Final  wind  velocity 
'I'f  -  Final  wind  angle 
tQ  «  Time  shear  is  initiated 
tf  -  Time  shear  is  terminated 

The  maximum  wind  shear  magnitude  is  set  according  to  the  Incremental 
flight  path  change  capability  of  the  aircraft  up  to  a  limit,  i.e., 

Vf  -  V 

- - —  ■  gAy  <  3.4  ft/sec^ 

cf  ~  to 

The  shear  duration  should  be  at  least  10  sec  and  the  shear  should  ter¬ 
minate  at  an  altitude  of  50  ft  for  landing  simulations.  The  mean  wind 
at  altitude  should  be  set  so  the  wind  at  touchdown  is  zero.  Ay  in  the 
up  direction  is  established  at  maximum  climb  power  and  in  the  down 
direction  at  flight  idle.  Generally  speaking  the  wind  shear  magnitude 
should  not  be  required  to  exceed  3.4  ft/sec^.  At  least  four  critical 
wind  shear  cases  are  considered : 

•  Decreasing  headwind 

•  Decreasing  tailwind 

•  Decreasing  crosswind 

•  Headwind  to  tailwind  (constant  wind  speed) 

The  standard  wind  shear  component  is  accompanied  by  one  half  the  stan¬ 
dard  level  of  turbulence,  i.e.,  o„  *2.5  ft /sec. 

8 

3.  Recommended  Mean  Hind 

The  capability  for  simulating  a  mean  wind  from  any  direction  should 
be  included.  The  wind  should  be  parallel  to  the  earth's  surface. 
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4*  Discrete  Oust  Model 

The  discrete  gust  model  may  be  used  for  any  of  the  three  gust- 
velocity  components  and,  by  derivation,  any  of  the  three  angular 
components. 

The  discrete  gust  has  the  "1  -  cosine"  shape  given  by: 
v  ■  0  ,  x  <  0 

v  -  Y*-  1 1  -  cos  — *  j  ,  0<x<dm 

V  -  Vm  ,  X  >  dm 


Distance,  x(fl) 

The  discrete  gust  above  may  be  used  singly  or  in  multiples  in  order  to 
assess  airplane  response  to,  or  pilot  control  of,  large  disturbances. 
Step  function  or  linear  ramp  gusts  may  also  be  used. 

D.  RATIONALE  BEHIND  REQUIREMENT 

The  philosophy  being  applied  is  based  upon  two  fundamental  premises: 
a)  keep  the  modeling  form  simple;  and  b)  use  parameters  that  have  direct 
relationships  to  aircraft  dynamics  or  flying  qualities.  This  requires  a 
rational  approach  to  the  tradeoff  between  engineering  convenience  and 
physical  correctness  in  disturbance  models. 

The  evaluation  of  the  effects  of  atmospheric  disturbances  on  air¬ 
plane  flying  qualities  has  been  approached  in  a  diverse  number  of 
ways.  The  large  volume  of  literature  is  evidence  of  this.  It  is  far 
too  easy  to  become  bogged  down  in  the  ill-defined  tradeoffs  between 
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Dryden  and  von  Karman  disturbance  forms,  the  need  for  non-Gaussian  or 
non-stationary  characteristics,  the  debate  over  how  and  when  to  model 
wind  shear  effects,  or  whether  shorter  disturbance  scale  lengths  are 
more  realistic  than  longer  ones.  Airplane  designers  and  simulator 
researchers  continually  face  such  questions,  and  while  they  may  find 
answers  suitable  for  one  situation,  the  same  questions  can  and  do 
reappear  on  subsequent  occasions. 

It  is  appropriate  first  to  define  what  is  meant  by  flying  qualities, 
in  order  to  keep  the  discussion  in  perspective.  One  accepted  definition 
is  "those  airplane  characteristics  which  govern  the  ease  or  precision 
with  which  the  pilot  can  accomplish  the  mission."  Further,  flying 
qualities  are  often  "measured"  by  subjective  pilot  opinion  according  to 
the  Cooper-Harper  rating  scale  wherein  it  is  stated  that  flying  quali¬ 
ties  are  tied  to  accomplishing  a  specific  task.  Due  consideration  of 
environmental  conditions  is,  in  turn,  implied.  An  airplane  can  have 
characteristics  that  make  the  task  of  landing  relatively  easy  in  calm 
air.  The  same  task  becomes  very  demanding  in  strong  disturbance,  even 
though  the  airplane  characteristics  may  not  have  changed. 

For  the  purposes  of  the  handling  qualities  Standard,  an  engineering 
model  of  atmospheric  disturbances  is  required.  This  engineering  model 
may  be  considered  as  the  simplest  or  minimum  acceptable  model  that 
correctly  identifies  the  primary  parameters  of  particular  interest. 
This  is  in  contrast  to  the  objectives  of  basic  research  into  meteoro¬ 
logical  phenomena  or  the  physics  of  atmospheric  dynamics. 

The  approach  taken  herein  is  to  define  a  basic  utility  model  that 
can  be  applied  to  most  handling  quality  evaluations.  This  model  Is 
defined  in  detail  under  "Guidance  for  Application."  For  some  applica¬ 
tions,  the  procuring  activity  may  want  to  designate  a  specialized 
model.  For  example,  if  a  high-fidelity  model  is  required  to  reproduce 
very  high-frequency  effects,  the  von  Karman  model  would  be  appropri¬ 
ate.  A  table  of  alternative  disturbance  models  is  given  in  "Guidance 
for  Application." 
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The  basic  utility  model  presented  herein  represents  a  major  simpli¬ 
fication  from  past  flying  qualities  specifications.  It  consists  of  a 
random  turbulence  component  and  a  constant  gradient  wind  shear.  The 
random  component  Is  modeled  using  the  Dryden  form  because  it  is  easy  to 
mechanize  and  Is  valid  over  the  frequency  spectrum  of  Interest  for 
handling  qualities  evaluations.  It  Is  notable  that  most  serious 
handling  quality  Investigations  have  utilized  the  Dryden  form.  It  was 
decided  to  recommend  that  the  primary  emphasis  be  placed  on  a  single 
value  of  o^  on  the  basis  of  experience  with  a  large  number  of  piloted 
simulator  handling  quality  investigations.  This  experience  showed  that 
a  ou^  of  4.5  to  5  ft/sec  is  large  enough  to  expose  handling  deficien¬ 
cies.  A  review  of  many  handling  quality  investigations  revealed  that 
nearly  all  of  the  simulation  runs  involving  atmospheric  disturbance  were 
made  with  a  ou  in  the  vicinity  of  4. 5  to  5  ft/sec. 

s 


It  is  a  recognized  fact  that  the  large  amplitude,  low  frequency 
component  of  the  disturbance  model  plays  a  dominant  role  in  separating 
good  and  bad  handling  qualities.  The  problem  with  a  random  disturbance 
model  is  that  the  large  wind  shears  occur  at  the  critical  point  on  only 
a  few  runs,  resulting  in  discrepancies  in  pilot  ratings  and  comments. 
A  discrete  wind  shear  model  is  defined  to  insure  that  all  pilots 
will  experience  the  critical  input.  When  discrete  shears  are  used, 
the  o„  is  decreased  to  2.5  ft/sec  to  avoid  cases  in  which  a  large  shear 
component  of  the  random  model  adds  to  the  discrete  shear  to  give  an 
unreasonably  large  total  wind  shear. 


The  wind  shear  model  allows  for  a  constant  gradient  of  wind  magni¬ 
tude  and  direction.  A  great  number  of  combinations  of  wind  shear  can  be 
derived  from  such  a  model.  However,  only  four  limiting  cases  are 
recommended  for  compliance:  decreasing  headwind,  tailwind,  and  sidewind 
shears,  as  well  as  a  constant  magnitude  shear  with  changing  azimuth. 

Finally,  the  independent  variable  in  the  shear  model  is  time.  This 
is  done  to  insure  that  the  shear  is  independent  of  aircraft  trajectory, 
the  objective  being  run-to-run  correspondence  rather  than  verisimili¬ 
tude.  This  is  done  with  the  knowledge  that  any  shear  occurring  as  a 
function  of  position  or  altitude  in  Che  real  world  can  be  reproduced  as 
a  function  of  time. 
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K.  GDIDAECE  FOR  APPLICATION 

The  use  of  wind  sheer  In  hand  1  lug  quality  evaluations  Is  primarily 
to  provide  a  disturbance  that  forces  aggressive  closed-loop  pilot 
behavior.  It  is  felt  to  be  unnecessary  to  simulate  vertical  shears 
since  the  horizontal  shear  disturbs  the  aircraft  both  in  airspeed  and 
flight  path.  For  specialized  applications,  such  as  the  carrier  landing 
burble,  a  vertical  shear  should  be  included. 

For  most  cases,  application  of  this  requirement  is  straightforward. 
However,  for  some  cases  a  more  complex  special-purpose  model  may  be 
required  —  for  example,  carrier  landing. 

The  remainder  of  this  section  is  oriented  towards  providing  guidance 
for  selecting  alternate  disturbance  models.  The  discussion  is  taken 
from  Reference  184. 

1.  Evaluating  Atmospheric  Disturbance  Model  Reeds 

Atmospheric  modeling  needs  vary  greatly  with  the  specific  applica¬ 
tion  —  even  for  a  single  given  aircraft  and  flight  condition.  Some 
analysis  procedures  require  only  a  simple  one-dimensional  turbulence 
model  (e.g.,  Dryden)  and  a  single  gust  component.  At  the  other  extreme, 
elaborate  simulations  can  involve  a  fully  defined  two-dimensional,  non- 
statlonary  turbulence  field  along  with  a  spatially  or  time-varying  mean 
wind  field  (i.e.,  wind  shear).  It  is  be  the  role  of  the  Handling  Quali¬ 
ties  Handbook  to  offer  guidance  in  evaluating  such  needs  and  selecting 
appropriate  disturbance  model  options  among  the  variety  of  modeling 
choices  an^.  identifying  the  appropriate  method  of  demonstrating  compli¬ 
ance. 

Some  ways  of  viewing  the  modeling  needs  of  a  user  include: 

•  How  disturbance  components  enter  the  airframe 
force  and  moment  equations. 

•  Inner/outer  loop  structure  hierarchy  for  mis¬ 
sion/aircraft  centered  features. 

•  The  need  for  determinism  versus  randomness  in  the 
flying  qualities  application. 

Consider  briefly  how  each  of  these  could  be  approached. 
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Table  2  Illustrates  how  various  atmospheric  disturbance  components 
might  enter  a  set  of  linearized  force  and  moment  equations •  Based  on 
our  knowledge  of  the  various  stability  derivatives  and  respective  gust 
component  Intensities,  we  can  estimate  the  relative  effect  of  various 
gust  terms  In  order  to  judge: 


Axis  cross  coupling  (e.g.,  longitudinal  and 
lateral-directional  forces  and  moments  are  likely 
to  be  fairly  well  decoupled). 


Translational  motion  (e.g.,  force  equations  are 
mainly  affected  by  gust  velocity  components 
alone) . 


Rotational  motion  (e.g.,  moment  equations  are 
affected  by  gust  velocity,  time  derivative,  and 
gradient  components) . 


The  loop  structure  hierarchy  in  mission/aircraft-centered  features 
provides  us  with  another  way  of  judging  atmospheric  disturbance  model 
needs.  Figure  1  shows  a  spectral  comparison  of  mission/aircraft- 
centered  features  against  atmospheric  disturbance  features.  Although 
the  spectral  boundaries  of  each  feature  are  admittedly  more  ill-defined 


TABLE  2  (3.9.2) 

LINEARIZED  GUST  DERIVATIVE  TERMS  IN  AIRFRAME  DYNAMICS 
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Figure  1  (3.9.2).  Comparative  Approximate  Frequency  Regimes 
of  Mission/Aircraf t-Centered  and  Atmospheric 
Disturbance  Features 


than  shown,  we  can  nevertheless  illustrate  a  point.  That  is,  any 
mission/aircraft  features  that  are  to  be  analyzed  require  the  signifi¬ 
cant  atmospheric  disturbance  features  acting  w'  :hin  the  same  spectral 
range.  Conversely,  atmospheric  disturbance  features  much  outside  that 
spectral  range  are  superfluous.  Taking  the  argument  to  the  extreme, 
navigation  considerations  are  not  likely  to  involve  the  microscale*  or 


The  microscale  of  turbulence  is  an  indication  of  the  distance  of 
time  separation  over  which  gusts  remain  highly  correlated,  i.e.,  the 
inertial  subrange  (Reference  190).  Von  Karman  turbulence  involves  a 
non-zero  microscale;  Dryden  is  zero. 
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even  Integral*  scale  range  of  turbulence •  Likewise,  short-term 
stability  augmentation  system  or  flexibility  effects  would  not  require 
Inclusion  of  mean  wind  or  wind  shear  features • 

Continuing  in  a  similar  vein,  the  results  obtained  from  exciting  an 
airplane  by  atmospheric  disturbances  depend  greatly  upon  how  the  air¬ 
plane  Is  being  operated,  i.e.,  what  the  pilot  is  doing.  The  gust 
response  can  vary  dramatically  between  hands-off  operation  and  tight 
pilot  regulation  of  attitudes  and  flight  path.  Frequently  the  effects 
of  wind  shear  are  evaluated  by  measurement  of  the  flight  path  excursion 
for  a  controls- fixed  penetration  of  the  shear.  The  phugold  is,  of 
course,  the  dominant  response  mode  In  this  case,  and  the  result  is  a 
large-amplitude,  undamped,  roller-coaster-llke  flight  path  oscilla¬ 
tion.  But  pilots  do  not  characteristically  operate  hands-off  In  a  wind 
shear  environment.  Rather,  aircraft  attitude  is  likely  to  be  very  well 
regulated  by  the  pilot,  hence  the  flight  path  and  airspeed  modes  would 
be  exponentially  decaying  according  to  heave  and  speed  damping  stability 
derivatives  and  Xy,  respectively.  Reference  185).  These  two  cases 

lead  to  vastly  different  conclusions  regarding  performance  and  identifi¬ 
cation  of  critical  flying  qualities  parameters. 

We  need  also  to  consider  how  determinism  and  randomness  affect  our 
choice  of  atmospheric  disturbance  models.  Strict  reliance  upon  a  wholly 
random  gust  model  for  a  small-sample,  short-teim  task  evaluation  is  both 
impractical  and  improper.  As  investigators  and  evaluators,  we  desire  to 
control  disturbances  well  enough  so  that  critical  conditions  and  events 
can  be  staged,  especially  in  the  case  of  manned  simulation.  This 
demands  a  fair  degree  of  model  determinism.  On  the  other  hand,  pilot 
surprise  and  sensitivity  to  variation  call  for  a  degree  of  randomness. 
Therefore  a  compromise  must  be  reached.  This  is  an  area  that  deserves 
to  be  addressed  in  a  systematic  way,  but  sometimes  solutions  must  be 
based  more  upon  experience  than  clear  rationale. 


*The  integral  scale  of  turbulence  is  equal  to  the  area  under  the 
normalized  autocorrelation  function  and  much  larger  than  the  microscale. 
Correct  measurement  of  the  integral  scale  depends  upon  stationarity 
(Reference  191). 
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2.  Atmospheric  Disturbance  Features 

In  general,  variations  In  properties  can  be  viewed  In  terms  of  their 
engineering  convenience  versus  their  physical  correctness.  For  example, 
the  well-known  von  Karman  turbulence  form  yields  more  correct  spectral 
characteristics,  but  It  is  not  so  easily  realized  computationally  as  the 
more  approximate  Dryden  form.  Ihe  same  kind  of  tradeoff  between  con¬ 
venience  and  correctness  is  a  dominant  theme  In  several  other  respects 
as  ws  shall  discuss  below. 

a.  Determinism  Versus  Randomness 


Atmospheric  disturbance  models  can  be  separated  according  to  their 
degree  of  determinism  or  randomness.  While  characteristics  such  as  mean 
wind  and  wind  shear  are  normally  handled  on  a  deterministic  basis, 
turbulence  Is  usually  modeled  as  a  randomly  occurring  phenomenon. 
Nevertheless,  wind  velocity  or  wind  shear  can  be  just  as  well  described 
In  strictly  probabilistic  terms;  and  turbulence,  conversely,  can  be 
described  In  wholly  deterministic  terms  (as  composed  of  summed  sinu¬ 
soidal  gusts).  In  addition,  randan  and  deterministic  models  are  often 
combined  to  suit  the  needs  of  a  particular  application.  Deterministic 
features  are  usually  quantified  directly  using  analytical  functions  or 
tables  (e.g.,  mean  wind  speed  and  direction  or  wind  shear  gradients  with 
respect  to  time  or  space).  Random  components,  on  the  other  hand.  Invoke 
random- variable  sources  having  their  own  particular  statistical 
properties  of  probability  distribution  and  correlation.  Appropriate 
partitioning  of  model  determinism  versus  randomness  figures  greatly  In 
the  success  of  any  given  application,  as  we  shall  discuss  shortly. 

b.  Probability  Distribution 

The  probability  distribution  of  gusts  describes  their  range  of 
amplitudes  and  frequency  of  occurrence.  These  can  be  quantified  In 
terms  of  probability  density,  cumulative  probability  distribution,  or  a 
varying  number  of  central  moments  (mean,  variance,  skewness,  kurtosis, 
etc.).  While  the  Gaussian  distribution  is  mathematically  convenient. 


730 


several  turbulence  models  having  more  realistic  non-Gaussian  distribu¬ 
tions  have  been  developed  in  order  to  address  the  characteristics  of 
*  ** 

patchiness  and  intermittency .  But  the  usefulness  of  these  model 

features  depends  upon  whether  the  specific  application  can  accommodate  a 
characteristic  such  as  patchiness  on  a  probabilistic  basis.  If  the 
scenario  involves  a  limited  duration  time  frame  and  a  limited  number  of 
sample  runs  (e.g.,  as  in  a  manned  simulation),  then  a  more  deterministic 
treatment  of  patchiness  might  be  required.  For  example.  Reference  187 
describes  a  direct  modulation  of  turbulence  intensity  to  obtain  a  patchy 
gust  field.  This,  in  turn,  could  permit  the  return  to  the  more  con¬ 
venient  Gaussian  distribution  for  random  gust  components  without  undue 
sacrifice  in  correctness. 

c.  Correlation 


Correlation  Is  the  measure  of  the  predictability  of  a  gust  component 
at  some  future  time  or  point  In  space  based  on  the  knowledge  of  a  cur¬ 
rent  gust.  Since  the  modeling  of  a  random  process  such  as  turbulence 
consists  of  developing  techniques  for  emulating  the  behavior  of  that 
process  in  time,  it  can  be  seen  that  correct  duplication  of  the  corre¬ 
lation  can  be  important.  There  are  at  least  two  ways  of  presenting 
correlation  Information,  In  the  time  or  space  domain  (correlation 
functions)  or  in  the  frequency  domain  (spectral  density  functions) . 

The  correlation  function  can  be  converted  to  the  frequency  domain 
via  a  Fourier  transformation  resulting  in  the  power  spectral  density 
function.  A  frequency-domain  representation  is  often  useful  because  It 
permits  comparison  of  the  aircraft's  spectral  features  with  the  spectral 
content  of  the  disturbance.  It  is  thereby  possible  to  judge  the  degree 


^Patchiness  Is  frequently  considered  as  corresponding  to  a  pro¬ 
portionately  higher  rate  of  occurrence  of  very  large  magnitude  gusts 
than  found  in  a  Gaussian  distribution  and  is  reflected  by  the  higher- 
order  even  central  moments  (4th,  6th,  etc.)  (Reference  186). 

**Intermittency  Is  tbe  counterpart  to  patchiness  \riien  applied  to  gust 
velocity  differences  over  a  given  time  or  space  Interval  (Reference 
187). 
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to  tfiich  Che  Curbulence  will  affecc  Che  aircraft's  motion,  as  described 
In  Reference  188,  A  time-  or  spatial-domain  correlation  function  can  be 
useful  when  generating  gusts  from  multiple  point  sources  (Reference 
189). 

The  two  most  common  ways  of  describing  gust  correlation  are  the 
Dryden  and  von  Karman  power  spectral  density  forms  as  In  MIL-F-8785C. 
And,  as  mentioned  earlier,  the  significant  aspect  of  a  choice  between 
the  two  lies  in  the  engineering  convenience  versus  the  physical  cor¬ 
rectness.  However,  the  correctness  advantage  of  the  von  Karman  form  is 
not  an  issue  unless  the  significant  spectral  content  is  centered  in  the 
microscale  range  about  one  decade  or  more  above  the  integral  scale  break 
frequency . 

d*  Dimensionality  of  Gust  Field 

A  gust  field  can  be  described  using  various  orders  of  dimensional¬ 
ity.  The  simplest  is  a  one-dimensional-field  model  that  involves  just 
the  three  orthogonal  velocity  components  taken  at  a  single  point 
(usually  the  aircraft  center  of  gravity).  The  Taylor  hypothesis* 
(frozen  field)  can  be  applied,  however,  in  order  to  approximate  gust 
gradients  with  respect  to  the  x-axis  of  the  aircraft  without  increasing 
dimensionality.  A  two-dimensional  field  model  used  to  define  a  gust 
field  in  the  aircraft  x-y  plane  can  be  modified  for  the  size  of  the 
aircraft  relative  to  gust  scales.  (A  large  aircraft  relative  to  the 
gust  scale  attenuates  gust  gradient  spectral  power  at  high  frequen¬ 
cies.)  A  two-dimensional  field  can  lead  to  greatly  increased  mathe¬ 
matical  complexity  over  a  one-dimensional  field  (Reference  193)  but  some 
turbulence  models  simply  define  one-dimensional  uniform  velocity  compo¬ 
nents  and  then  add  two-dimensional  forms  for  gust  gradients  that  contain 
aircraft  size  effects  (Reference  189).  A  third  dimension  can  be  into- 
duced  in  the  form  of  an  altitude-dependent  wind  shear  (e.g..  References 
194  and  195). 


*The  Taylor  hypothesis  (Reference  192)  assumes  a  gust  field  frozen 
in  space  such  that  time  and  space  dependencies  along  the  relative  wind 
are  directly  related  by  the  airspeed. 
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e.  Stationaritv 

A  random  gust  is  stationary  if,  for  a  collection  of  gust  samples, 
the  corresponding  probability  and  correlation  properties  describe  any 
additional  gust  sample  that  may  be  taken .  Thus  stationarity  implies  an 
atmospheric  disturbance  having  an  Invariant  mean,  variance,  and  correla¬ 
tion  length  (or  time)  along  the  flight  path.  There  is  no  restriction  on 
whether  the  probability  distribution  is  Gaussian  or  not. 

An  alternative  means  of  introducing  patchiness  or  lntermittency  is 
to  create  a  non- stationary  turbulence  field  through  direct  modulation  of 
intensity  (Reference  196).  Thus  the  basic  noise  source  can  remain 
Gaussian. 

3.  Practical  Implementation  Considerations 

The  application  of  .  spheric  disturbance  models  can  involve  a 
number  of  practical  Implementation  problems  --  many  associated  with 
digital  computer  programming.  One  role  of  this  Handbook  is  to  assist  in 
answering  some  of  the  common  Implementation  questions  and  to  point  out 
pitfalls  frequently  encountered.  Some  examples  Include: 

•  Digital  Implementation  of  continuous  spectral 
forms. 

•  Correct  scaling  of  random  noise  sources. 

•  Evaluation  of  need  for  gradient  components. 

•  Implementation  of  gust  gradients,  gust  time 
derivatives,  and  gust  transport  lags. 

Table  3  illustrates  some  of  the  practical  Implementation  matters. 

4.  A  Survey  of  Existing  Models 

The  objective  in  defining  an  atmospheric  disturbance  model  is  to 
examine  how  various  models  make  the  tradeoff  between  convenience  and 
correctness  and  to  search  for  strengths  or  deficiencies  that  could  be 
important  to  a  flying  qualities  investigator. 
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TABLE  3  (3.9.2) 

EXAMPLES  OF  PRACTICAL  IMPLEMENTAL  MATTERS 


*-.r>U-a«ntatioo  Item 


Handbook  Method 


Tltltal  isplementa- 
tlon  of  continuous 
filter  ;ora» 
Fsaeple:  first* 

order  Dryden  for* 
(applicable  u  or 


Spectral  fora: 

’  ,L..  i 

•  -  o  — - 7 

““  “»  ’  I  ♦  <lo>- 

Discrete  realisation: 


[either  eip(-lT)  (z-transform) 


C,  -  tor  1-sT 


(Euler  integration) 
(Tuatln  transform) 


This  matter  can  be  par* 
tlcularly  confusinc  be¬ 
cause  spectral  forms  «re 
written  In  a  mother  of 

ways  - one-sided  or  two- 

sided,  In  terms  of  spatial 
or  temporal  frequency,  or 
In  terns  of  angular  or  cy¬ 
clical  frequency*  Fur¬ 
thermore  white  noise  In 
the  continuous  domain  must 
be  converted  to  random 
ntasbers  in  the  discrete 
domain. 


_ _  a 

.nd  Cj  -V'-^  (r1) 


where  n  Is  a  normally  distributed  random  number 
with  variance  of. 


Determination  of 
p-gust  importance 


p-gust  1>  significant  relativs  to  v-gust  If: 


VF '  ict  •  >  • 


p-gust  can  be  an  important 
disturbance  component  In 
the  roll  axis,  especially 
If  effective  dihedral  Is 

small. 


’  * 

where  b  is  span  and  is  gust  scale  length 


Determination  of 
p-gust  intensity 


Hoi  ley- Bryson  model: 


«  -v/bL  [l+b/L 


HII-F-8785C: 


An  approximate  Intensity  averaged  over  several 
models: 


If  the  p-gust  component  is 
considered  important,  one 
must  determine  the  Inten¬ 
sity  in  order  to  implement 
the  filter.  A  specific, 
eaay-to-compute  value  for 
Intensity  Is  seldom 
readily  available.  Also 
the  various  p-gust  model 
firms  all  have  different 
ways  of'  expressing  model 
parameters. 


Realization  of  von 
l'arntn-llli#  spectra 


.  » — —  , 

p*  "• 


Hoeing  higher  order  linear  filter  forms: 
v  (•♦*  ’) 


( *♦<'•**  £)(»♦*  £) 
VV  (•♦o.5»i)(-;.7i) 


(•*0.411  i)(.*l.22  xK-"-1  t> 

STI  reduced  order  variation  based  on  Hoeing 
forms: 


An  approximation  to  the 
Increased  correlation  In 
the  microscale  range  of 

the  von  Karmen  spectral 
form  can  be  realised  with 
second-  and  third-order 
linear  filters.  Digital 

Implementation  would  In¬ 
volve  finite  difference 
equations  of  corresponding 
ordor.  Correct  spectral 
content  above  IDO  (V/L) 
rad/sec  would  require 

matching  von  Karman 

spectra  with  evan  higher 
order  filters. 
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Table  4  lists  some  of  the  models  that  have  been  surveyed  and  that 
offer  some  potential  In  flying  qualities  applications.  For  each  table 
entry  a  few  summary  remarks  are  given  along  with  a  list  of  basic  refer¬ 
ences. 

G.  SUPPORTING  DATA 


Previous  flying  quality  specifications  have  suggested  atmospheric 
disturbance  models  designed  to  represent  a  high  degree  of  fidelity  with 
the  real  world.  As  we  gain  more  experience  with  handling  qualities 
evaluations  via  piloted  simulation,  it  has  become  apparent  that  only  a 
few  key  features  are  Important  for  our  objectives  in  order  to  separate 
good  and  bad  handling  qualities.  In  fact,  the  complexity  that  is 
required  to  emulate  real-world  atmospheric  disturbance  often  clouds  the 
issue.  For  example,  such  items  as  boundary  layer  effects,  patchiness, 
correlation  of  turbulence  with  steady  wind  velocity  and  terrain,  and 
detailed  wind  shear  characteristics  associated  with  frontal  activity  can 
consume  an  inordinate  amount  of  effort.  To  alleviate  this  problem  we 
have  recommended  a  simplified  disturbance  model  to  be  used  for  the 
majority  of  cases.  This  model  retains  all  the  essential  features  found 
to  be  useful  in  many  piloted  simulator  handling  quality  investigations 
using  complex  disturbance  models. 


The  Dryden  form  has  been  chosen  because  it  is  simple  to  mechanize  as 

opposed  to  the  von  Karman  form  that  must  be  approximated  to  become 

realizable.  Th  main  feature  of  the  Dryden  and  von  Karman  spectral  forms 

plotted  in  Figure  2  is  that  both  spectral  forms  concentrate  the  power  in 

a  region  near  the  breakpoint.  In  this  region  a  slightly  better  match 

could  be  obtained  by  simply  decreasing  the  Dryden  ou  by  about  8  per- 

8 

cent.  If,  on  the  other  hand,  the  frequency  range  of  interest  were 
higher,  then  the  two  spectral  forms  would  be  matched  by  sliding  them 
laterally,  i.e«,  adjusting  the  effective  scale  lengths. 


We  can  conclude  from  the  above  that  if  our  spectral  range  of 
Interest,  e.g.,  the  airplane  frequency  response  in  the  interval  be¬ 
tween  1/Tqj  and  1/T02»  is  in  fact  centered  about  the  gust  filter  break 
frequency,  then  there  is  no  major  distinction  between  the  two  spectral 
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TABLE  4  (3.9.2) 

A  SURVEY  OF  ATMOSPHERIC  DISTURBANCE  MODELS 


Model 

Key  Features 

Sources 

Dryden  turbulence 

A  convenient  spectral  form  based  on  an  exponential  autocorrelation 
function  for  the  axial  component. 

197 

von  Karraan  turbu¬ 
lence 

A  spectral  form  for  which  the  autocorrelation  function  Includes  a 
finite  microscale,  thus  the  relative  proportion  of  spectral  power  at 
high  frequencies  exceeds  that  of  the  Dryden. 

191,  198,  199 

Ornstein-Uhlenbeck 

turbulence 

A  spectral  form  with  first-order  longitudinal  and  transverse  compo¬ 
nents* 

196 

Etkin  one  dimen¬ 
sional  turbulence 
power  spectra 

The  local  turbulent  velocity  field  is  approximated  by  a  truncated 
Taylor  series  which  yields  uniform  and  gradient  components*  High 

frequency  spectral  components  eliminated  on  the  basis  of  aircraft 
size.  Based  on  Dryden  form  but  gradient  spectra  are  non-realizable 

unless  simplified. 

1,  193,  200 

Versine  gust 

A  discrete  gust  waveform. 

4 

Lappe  low-altitude 
turbulence  model 

Experimentally-obtained  data  of  vertical  gust  spectra,  mean  wind 
speed,  and  lapse  rate  were  used  to  develop  a  low-level  turbulence 
model.  The  turbulence  spectra  ate  presented  for  different  types  of 

terrain,  height,  and  meteorological  conditions. 

201 

Multiple  point 
source  turbulence 

A  two-dimensional  gust  field  generated  from  two  or  more  noise  sources 
having  prcsc-ibed  correlation  functions  and  located  spanwise  or 
lengthwise  on  the  vehicle. 

189,  202,  203 

Hoi ley-Bryson 
random  turbulence 
shaping  filters 

A  matrix  differential  equation  formulation  of  uniform  and  gradient 
components  including  aircraft  size  effects.  Filter  equation  coef¬ 

ficients  determined  from  least  square  fit  to  raulti-polnt-source- 
derlved  correlation  functions. 

189 

University  of 
Washington  non- 
Causs ian 
atmospheric  tur¬ 
bulence  model 

Non-Caussian  model  using  modified  Bessel  functions  to  simulate  the 
patchy  characteristic  of  real-world  turbulence.  Spectral  properties 
are  Dryden  and  include  gust  gradients. 

186,  204 

Delft  University 
of  Technology  non- 
Caussian  structure 
of  the  simulated 
turbulent  environ¬ 
ment 

Non-Gaussian  model  similar  in  form  to  the  University  of  Washington 
model  but  uses  the  Hilbert  transform  to  model  interrai ttency  as  well  as 
patchiness.  Includes  University  of  Washington  model  features  extended 
to  approximate  transverse  turbulence  velocities  and  gradients. 

187 

Royal  Aeronaut ica 1 
Establishment 
model  of  non- 
Caussian  turbu¬ 
lence 

Non-Caussian  turbulence  model  with  a  variable  probability  distribution 
function  and  a  novel  digital  filtering  technique  to  simulate  intermit- 
tency.  Spectral  form  approximately  von  Karraan. 

205,  206,  207 

The  Netherlands 

Nat  ionai  Aerospace 
laboratory  model 
of  non-Ca  issian 
turbulence 

Similar  to  the  Royal  Aeronautical  Estab  lishment  model  but  extended  to 
include  patchiness  and  gust  gradient  components  and  transverse  ve¬ 
locities. 

208,  209 

University  of 
Virginia  turbu¬ 
lence  model 

Models  patchiness  by  randomizing  gust  variance  and  integral  scale 
length  of  basic  Dryden  turbulence. 

210 
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TABLE  A  (3.9.2).  (Concluded) 


Model 

Key  Features 

j 

Sources 

Indian  Institute 
of  Science  non¬ 
stationary  turbu¬ 
lence  model 

Nonstationary  turbulence  is  obtained  over  finite  time-windows  by  raodu- 
latlng  a  Gaussian  process  with  either  a  deterministic  or  random  pro¬ 
cess.  The  result  is  patchy-like  turbulence  similar  to  Che  University 
of  Washington  model  -  except  the  time-varying  statistics  of  the  tur¬ 
bulence  are  presented  for  the  deterministic  modulating  functions. 

196 

FAA  wind  shear 
models 

Three-dimensional  wind  profiles  for  several  weather  svstem  types  in¬ 
cluding  fronts,  thunderstorms,  and  boundary  layer.  The  profiles  are 
available  in  table  form. 

194,  211 

STI  wind  shear 
model 

Time  and  space  domain  models  of  mean  wind  and  wind  shear  -  ramp  wave 

forms  -  are  combined  with  MIL-F-8785C  Dryden  turbulence  to  obtain  the 

total  atmospheric  disturbance.  The  magnitudes  of  the  mean  wind  and 

wind  shear  are  evaluated  in  terms  of  the  aircraft's  acceleration  ca¬ 
pabilities  . 

195,  214 

Sinclair  frontal 
surface  wind  shear 
model 

A  generic  model  of  frontal  surface  wind  shear  derived  from  a  reduced- 
order  form  of  Navier-Stokes  equations.  Relatively  simple  to  use  and 
can  match  the  overall  characteristics  of  measured  wind  shears. 

213, 

214 

MIL-F-8785B  atmos¬ 
pheric  disturbance 
model 

Intensities  and  scale  lengths  are  functions  of  altitude  and  use  either 
Dryden  or  von  Karman  spectral  forms  or  a  versine  discrete  gust.  Also 
spectral  descriptions  of  rotary  gusts. 

11 

MIL-F-8785C  atmos¬ 
pheric  disturbance 
model 

Same  as  8785B  with  the  addition  of  a  logarithmic  planetary  boundary 
layer  wind,  a  vector  shear,  and  a  Nave  carrier  airwake  mode*  1 . 

4 

ESDU  atmospheric 
turbulence 

Racher  general  but  contains  comprehensive  descriptive  data  for  turbu¬ 
lence  intensity,  spectra,  and  probability  density 

215,  216 

Boeing  atmospheric 
disturbance  model 

A  comprehensive  model  of  atmospheric  disturbances  that  includes  mean 
wind,  wind  shear,  and  random  turbulence.  Hirbulence  is  Gaussian  and 
uses  filters  that  closely  approximate  the  von  Karman  spectral  form. 
Mean  wind  and  turbulence  intensity  are  functions  of  meteorological 
parameters . 

217, 

218 

1 

V&slcko  carrier 
airwake  model 

Includes  mean  wind  profile,  effect  of  ship  motion,  and  turbulence. 

219 

Nave  ship  airwake 
model 

Includes  free  air  turbulence  filters  plus  steady,  periodic,  and  random 
components  of  airwake  which  are  functions  of  time  and  space. 

221 

Vought  airwake 
model  for  DD-963 
class  ships 

Combined  random  and  deterministic  wind  components  for  free  air  and 
ship  airwake  regions.  Based  on  wind  tunnel  flow  measurements . 

220 

STI  Wake  vortex 
encounter  model 

A  two-dimensional  model  of  the  flow-field  due  to  the  wake  vortex  of  an 
aircraft  is  presented.  Ihe  parameters  of  the  flow-field  model  are 

weight,  sire,  and  speed  of  the  vortex-generating  aircraft,  and  dis¬ 
tance  and  orientation  of  the  vortex-encountering  aircraft.  Strip 

theory  is  used  to  model  the  aerodynamics  of  the  vortex-encountering 
aircraft. 

200 
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Note* : 

•  Area  under  curve*  for  a  given  frequency  bond 
correspond*  to  epectral  power  in  that  frequency  band 

•  Total  area  under  either  curve  is  .4343  if  unit  on 
abecisea  is  taken  as  one  decade 

•  Spatial  frequency,  A  related  to  temporal  frequency, 
<u  by  airepeed,  V  or  A  -  w/V 

•  4(A)  is  power  spectral  density 

•  Lu  is  scale  length 


A4(A) 


Figure  2  (3.9.2).  Comparison  of  Horizontal  (nist  Power 
Spectral  Density  for  Dryden  and  von  Karman 
Forms  Mil tipi led  by  Frequency 


forms.  Clearly,  the  Dryden  form  Is  the  more  attractive  because  of  Its 
convenience. 

The  variation  of  scale  length  with  altitude  has  been  taken  directly 
from  MIL-F-8785B.  The  scale  length  implemented  In  MIL-F-8785C  for  the 
low-altitude  band  resulted  In  a  700  ft  altitude  band  vdiere  no  scale 
length  was  defined.  That  is,  the  MXL-F-8785C  low-altitude  model  only 
goes  up  to  1000  ft  and  the  mid-  to  high-altltude  model  begins  at 
1750  ft.  The  choice  was  between  lowering  the  mid-  to  high-altitude 
region  to  1000  ft  (and  lowering  1^  from  1750  to  1000  ft)  or  reverting  to 
the  8785B  model.  Inasmuch  as  most  researchers  are  still  using  the 
"B  version"  and  the  effect  of  scale  length  is  not  great  (see  Refer¬ 
ence  188),  It  was  decided  to  specify  the  earlier  version  (8785B). 

Finally,  the  discrete  wind  shear  magnitude  prescribed  in  the  model 
Is  based  on  aircraft  performance.  The  basic  rationale  is  that  the 
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handling  qualities  should  be  adequate  to  allow  the  pilot  to  operate  up 
to  the  limit  of  performance  (see,  for  example.  Reference  195).  In  order 
to  hold  constant  airspeed  In  a  wind  shear  the  aircraft  Inertial  speed 

e  e 

must  be  changed  at  the  same  rate  as  the  changing  wind,  l.e.,  *  Vw. 

The  maximum  acceleration  capability  of  an  airplane  Is  not  always  well 
known.  However,  It  can  be  obtained  from  performance  charts  by  noting 
that  mg(Ymax  -  Yc)  Is  the  change  In  weight  component  along  the  flight 
path  which  corresponds  to  a  thrust  Increase  to  the  maximum  avails' 
where  ymax  Is  the  maximum-power  angle  of  climb  at  the  reference  spei  In 
the  configuration  being  Investigated  (for  example,  gear  down  and  lan 
flaps  for  power  approach);  Yq  is  the  trim  flight  path  angle.  Then, 

e 

vmax  "  8(Ymax  ~  70 ) 

e 

An  upper  limit  on  Vw  of  3.4  ft/sec  (Ay  -  6  deg)  has  been  specified  to 
avoid  requiring  excessive  shear  for  high-performance  fighters  where  Ymav 
may  be  extreme. 

H.  LESSORS  LEASHED 

Experience  has  shown  that  aircraft  with  severe  handling  quality 
deficiencies  can  receive  Level  l  pilot  ratings  in  calm  air.  Addition  of 
atmospheric  disturbances  to  the  problem  forces  the  pilot  to  use  aggres¬ 
sive  control  activity  that  tends  to  expose  handling  qualities  deficien¬ 
cies.  One  problem  with  using  a  random  disturbances  model  is  that  the 
large  low-frequency  gusts  (wind  shears)  occur  in  an  unpredictable 
fashion.  In  the  Reference  222  experiment  one  evaluation  pilot  received 
several  large  shears  just  prior  to  touchdown  and  rated  the  configuration 
a  7.  Two  other  pilots  only  saw  the  large  inputs  several  miles  from 
touchdown  and  rated  the  same  configuration  between  3  and  4-1/2.  The 
discrete  shear  model  is  Included  to  resolve  this  problem. 

A  random  noise  source  (white  noise)  is  required  to  mechanize  the 
equations  in  Table  1.  This  source  should  be  checked  to  Insure  adequate 
power  at  low  frequencies.  Experience  with  some  simulations  has  shown 
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chat  Che  noise  source  was  deficient  at  low  frequency*  As  mentioned 
above,  it  is  the  lcw-frequency  component  of  the  atmospheric  disturbance 
that  is  important  for  handling  qualities  Investigations. 

Finally,  when  using  the  more  complex  models  it  seems  nearly  impos¬ 
sible  to  formulate  a  program  without  an  error  Involving  a  factor  of  2 
or  x.  The  lesson  here  is  to  measure  the  statistics  of  the  output  of  the 
disturbance  model  before  starting  piloted  evaluations. 
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3.9.3  Application  of  Disturbance  Models  in  Analyses 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  is  Included  to  provide  guidance  for  incorporation 
of  the  disturbance  models  into  a  simulation  program. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

l 

3.7.5 

C.  STATEMENT  OF  REQUIREMENT 

3.9.3  Application  of  disturbance  models  in  analyses.  The  gust  and 
turbulence  velocities  shall  be  applied  to  the  aircraft  equations  of 
motion  through  the  aerodynamic  terms  only,  and  the  direct  effect  on  the 
aerodynamic  sensors  shall  be  included  when  such  sensors  are  part  of  the 
airplane  augmentation  system.  Application  of  the  disturbance  model 
depends  on  the  range  of  frequencies  of  concern  in  the  analyses  of  the 
airframe.  When  structural  modes  are  significant,  the  exact  distribution 
of  turbulence  velocities  should  be  considered.  For  this  purpose,  it  is 
acceptable  to  consider  u  and  v  as  being  one-dimensional,  a  function  of 
both  x  and  y,  for  the  evaluation  of  aerodynamic  forces  and  moments. 

When  structural  modes  are  not  significant,  airframe  rigid-body 
responses  may  be  evaluated  by  considering  uniform  gust  or  turbulence 
immersion  along  with  linear  gradients  of  the  disturbance  velocities. 
The  uniform  immersion  is  accounted  for  by  u  ,  v  ,  and  w  defined  at  the 
airplane  center  of  gravity.  The  angular  velocities  dufe  to  turbulence 
are  equivalent  In  effect  to  airplane  angular  velocities.  Approximations 
for  these  angular  velocities  are  defined  (precise  only  at  very  low  fre¬ 
quencies)  as  follows: 

.  3wg  3v„ 

-“8  =  “8  “  IT  ’  p8  "  -Jy  ’  r8  ”  ’IT 

The  spectra  of  the  angular  velocity  disturbances  due  to  turbulence  are 
given  in  Paragraph  3.9.2. 

For  altitudes  below  175  ft,  the  turbulence  velocity  components  u  , 
v  ,  and  w  are  to  be  taken  along  axes  corresponding  to  u  aligned  along 
tne  relative  mean  wind  vector  and  wg  vertical. 
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D.  RATIONALE  BEHIND  REQUIREMENT 

This  requirement  Is  Included  to  Insure  proper  Implementation  of  the 
disturbance  model.  It  Is  Included  simply  as  a  reminder  of  a  few  key 
points  and  Is  not  Intended  to  be  a  comprehensive  guide.  It  is  believed 
that  the  level  of  competence  of  the  majority  of  users  Is  such  that 
further  guidance  Is  not  necessary. 

E.  GUIDANCE  FOR  APPLICATION 

Does  not  apply. 

F.  DEMONSTRATION  OF  COMPLIANCE 

None  required. 

G.  SUPPORTING  DATA 
Does  not  apply. 

H.  LESSONS  LEARNED 
None  required. 
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3.9.4 


Requirements  for  Aircraft  Failure  States  In  Atmospheric  Dis- 
turbances 


! 

A.  SEASON  FOR  REQUIREMENT 

This  requirement  is  intended  to  insure  that  certain  failures  when 
combined  with  operations  in  atmospheric  disturbances  do  not  result  in 
unacceptable  degradations  in  flying  qualities. 

B.  RELATED  MIL-F-8785C  REQUIREMENT 

3.8.3. 2 

C.  STATEMENT  OF  REQUIREMENT  AND  RECOMMENDED  VALUES 


3.9.4  Requirements  for  Aircraft  Failure  States  in  Atmospheric  Dis¬ 
turbances  .  When  Aircraft  Failure  States  exist  (3.1.6),  a  degradation  in 
flying  qualities  is  permitted  only  if  the  probability  of  encountering  a 
lower  Level  than  specified  in  3.9.1  is  sufficiently  small.  At  intervals 
established  by  the  procuring  activity,  the  contractor  shall  determine, 
based  on  the  most  accurate  available  data,  the  probability  of  occurrence 
of  each  Aircraft  Failure  State  per  flight  and  the  effect  of  that  Failure 
State  on  the  flying  qualities  within  the  Operational  and  Service  Flight 
Envelopes.  These  determinations  shall  be  based  on  MIL-STD-756  except 
that: 

a)  All  aircraft  components  and  systems  are  assumed  to  be 
operating  for  a  time  period,  per  flight,  equal  to  the 
longest  operational  mission  time  to  be  considered  by  the 
contractor  in  designing  the  aircraft,  and 

b)  Each  specific  failure  is  assumed  to  be  present  at  which¬ 
ever  point  in  the  Flight  Envelope  being  considered  is  most 
critical  (in  the  flying  qualities  sense). 

From  these  Failure  State  probabilities  and  effects,  the  contractor  shall 
determine  the  overall  probability,  per  flight,  that  one  or  more  flying 
qualities  are  degraded  to  Level  2  because  of  one  or  more  failures.  The 
contractor  shall  also  determine  the  probability  that  one  or  more  flying 
qualities  are  degraded  to  Level  3. 

Table  1  specifies  the  recommended  requirements  as  functions  of  the 
probability  of  encountering  the  degradation  in  flying  qualities.  An 
alternate  requirement  could  be  Figure  1  (3. 1.6.1)  at  the  discretion  of 
the  procuring  activity. 


TABLE  1  (3.9.4) 


LEVELS  FOR  AIRCRAFT  FAILURE  STATES 


ATMOSPHERIC 

DISTURBANCES 

FAILURE  STATE  I* 

FAILURE  STATE  II** 

Light 

Level  2 

Level  3 

Moderate 

Level  2 

Recoverable***  or 

better 

Severe  to 

Recoverable  or 

No  requirement 

Extreme 

better 

For  flighc  in  the  Operational  Flight  Envelope: 

Probability  of  encountering  degraded  levels  of  flying 
qualities  due  to  failure(s)  <  2.5  x  10~^/f light  hr 

**For  flight  in  the  Operational  Flight  Envelope: 

Probability  of  encountering  degraded  levels  of  flying 
qualities  due  to  failure(s)  <  2.5  x  10~^ /flight  hr 
for  flight  in  the  Service  Flight  Envelope: 

Probability  of  encountering  degraded  levels  of  flying 
qualities  due  to  failure(s)  <  2. 5  *  10~^/flight  hr 

***Recoverable  is  defined  as:  control  can  be  maintained 
long  enough  to  fly  out  of  a  disturbance. 


3.9.4  Requirements  for  Aircraft  Failure  States  in  Atmospheric  Dis¬ 
turbances  [Alternate  Requirement]  .  Failure  States  shall  be  evaluated  in 
moderate  levels  of  atmospheric  disturbance. 

a)  A  Level  2  aircraft  shall  not  degrade  below  Level  3 
in  the  presence  of  failures  and  moderate  atmos¬ 
pheric  disturbances. 

b)  A  Level  3  aircraft  shall  have  flying  qualities  in 
the  presence  of  failures  and  moderate  atmospheric 
disturbances  such  that  control  can  be  maintained 
long  enough  to  fly  out  of  the  disturbance. 
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D.  RATIONALE  BEHIND  REQUIREMENT 

The  requirements  for  Light  disturances  are  the  same  as  in  Table  1 

(3. 1.6.1).  In  Moderate  disturbances,  very  low  probability  failures 

(P  <  10  ^)  are  only  required  to  be  recoverable.  Under  the  assumption 

that  Severe  to  Extreme  disturbances  are  very  seldom  encountered,  a 

—2 

failure  occurring  with  P  <  10  is  only  required  to  be  recoverable  in 
that  environment.  The  basic  reasoning  is  that  we  do  not  want  to  make 
unreasonable  demands  on  the  manufacturers  by  placing  excessive  require¬ 
ments  on  very  low  probability  events  (i.e.,  turbulence  plus  a  critical 
failure). 

There  were  a  number  of  comments  during  the  review  cycle  of  this 
report  that  this  requirement  is  based  on  numbers  which  may  not  be  sub¬ 
stantiated.  An  alternative  requirement  was  therefore  included  which 
does  not  depend  on  the  calculation  of  failure  probabilities. 

E.  GUIDANCE  FOR  APPLICATION 

An  alternative  to  Table  1  (3.9.2)  is  given  in  Paragraph  3. 1.6.1  as 
Figure  1  (3. 1.6.1).  The  two  are  consistent  if  we  associate  Light, 
Moderate,  and  Severe  disturbances  with  probabilities  of  approximately 
10-1,  10-3,  and  10-5.  The  use  of  Figure  1  (3. 1.6.1)  allows  a  more  fine¬ 
grained  interpolation  than  Table  1  (3.9.2).  However,  such  interpolation 
is  not  justified  by  any  hard  data. 

F.  DEMONSTRATION  OF  COMPLIANCE 

Experience  with  MIL-F-8785B  and  -8785C  has  shown  that  it  is  some¬ 
times  not  practical  to  calculate  probabilities  of  failures.  This  is 
accounted  for  in  Para.  3. 1.6.2  (Generic  failure  analysis)  and  the  alter¬ 
nate  requirement  in  this  section.  Such  an  approach  assumes  that  a  given 
component  or  series  of  components  will  fail  with  a  probability  of  one. 
When  this  approach  is  being  utilized,  the  effects  of  turbulence  should 
be  accounted  for  when  making  determination  of  the  flying  qualities  in 
the  failed  state.  If  Level  3  flying  qualities  are  predicted  for 
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turbulence  levels  that  are  equal  to  or  less  than  Moderate,  a  probability 
analysis  should  be  required  to  insure  that  the  likelihood  of  such 
failures  is  indeed  remote. 


C.  SUPPORTING  DATA 
None  available. 
H.  LESSONS  LEARNED 

None  available. 
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SUCTION  4 


4.  NOTES 

4.1  INTENDED  USE 


This  specification  contains  the  handling  qualities  requirements  for 
piloted  aircraft  and  forms  one  of  the  bases  for  determination  by  the 
procuring  activity  of  aircraft  acceptability.  The  specification  con¬ 
sists  of  requirements  in  terms  of  criteria  for  use  in  stability  and 
control  calculations,  analysis  of  wind  tunnel  test  results,  simulator 
evaluations,  flight  testing,  etc.  The  requirements  should  be  met  as  far 
as  possible  by  providing  an  inherently  good  basic  airframe.  Cost,  per¬ 
formance,  reliability,  maintenance,  etc.  tradeoffs  are  necessary  in 
determining  the  proper  balance  between  basic  airframe  characteristics 
and  augmented  dynamic  response  characteristics.  The  contractor  should 
advise  the  procuring  activity  of  any  significant  design  penalties  which 
may  result  from  meeting  any  particular  requirement. 


4.2 


DEFINITIONS 


Terms  and  symbols  used  throughout  this  specification  are  defined  as 
follows. 

4.2.1  General 


S 


Wing  area 


s 


Laplace  operator 


q 


Dynamic  pressure 


MSL 


Mean  Sea  Level 


T2 


Time  to  double  amplitude;  T2  *  -.693/cu>  for  oscil¬ 
lations,  T2  ■  .693T  for  first-order  divergences 


T 


Time  delay 


Aircraft  Normal  The  nomenclature  and  format  of  Table  1  (1.6.1)  shall 
States  be  used  in  defining  the  Aircraft  Normal  States 


Service  ceiling  Altitude  at  a  given  airspeed  at  which  the  rate  of 

climb  is  100  ft/min  at  stated  weight  and  engine 
thrust 


Combat  ceiling 
Cruising  ceiling 

*\nax 

h 

max 

h 

°min 

c*8- 


Altitude  at  a  given  airspeed  at  which  rate  of  climb 
is  500  ft/min  at  stated  weight  and  engine  thrust 

Altitude  at  a  given  airspeed  at  which  rate  of  climb 
is  300  ft/min  at  NRT  at  stated  weight 

Maximum  service  altitude  (defined  in  1.5.2) 

Maximum  operational  altitude  (1.5.1) 

Minimum  operational  altitude  (1.5.1) 

Airplane  center  of  gravity 


748 


4.2.2  Speeds 


Equivalent 
airspeed,  EAS 

Calibrated 
airspeed,  CAS 

Refusal  speed 

M 

V 

VS 


True  airspeed  multiplied  by  /o7  where  o  Is  the  ratio 
of  free-stream  density  at  the  given  altitude  to 
standard  sea-level  air  density 

Airspeed-indicator  reading  corrected  for  position 
and  instrument  error  but  not  for  compressibility 

The  maximum  speed  to  which  the  aircraft  can  accel¬ 
erate  and  then  stop  in  the  available  runway  length 

Mach  number 

Airspeed  along  the  flight  path  (where  appropriate,  V 
may  be  replaced  by  M  in  this  specification) 

Stall  speed  (equivalent  airspeed),  at  lg  normal  to 
the  flight  path,  defined  as  the  highest  of: 

a.  Speed  for  steady  straight  flight  at  CLmax>  the 
first  local  maximum  of  the  curve  of  liftcoeffi- 
cient  (L/qS)  vs.  angle  of  attack  which  occurs  as 
CL  is  increased  from  zero 

b.  speed  at  which  uncommanded  pitching,  rolling  or 
yawing  occurs  (3. 8. 4. 2) 

c.  speed  at  which  intolerable  buffet  or  structural 
vibration  is  encountered 
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Vims 


Conditions  for  determining  Vg 


The  aircraft  shall  be  initially  trimmed  at 
approximately  1.2  Vg  with  the  following  set¬ 
tings,  after  which  the  trim  and  throttle  set¬ 
tings  shall  be  held  constant: 


FLIGHT  PHASE 


THRUST  SETTINGS 


TRIM  SETTING 


Climb  (CL) 

Normal  climb 

For  straight  flight 

Descent  (D) 

Normal  descent 

For  straight  flight 

Emergency  descent  (ED) 

Idle 

For  straight  flight 

Emergency  deceleration  (DE) 

Idle 

For  straight  flight 

Takeoff  (TO) 

Takeoff 

Recommended  taket 

setting 

Approach  (PA) 

Normal  approach 

For  normal  approach 

Wave-off /Go-around  (WO) 

Takeoff 

For  normal  approach 

Landing  (L) 

Idle 

For  normal  approach 

All  other 

TLF  at  1.2  Vg 

For  straight  flight 

ft 

Either  on  all  engines 

or  on  remaining 

engines  with  critical 

engine  inoperative,  whichever  yields  the  higher  value  of  Vg. 


In  flight  test,  it  is  necessary  to  reduce  speed 
very  slowly  (typically  1/2  knot  per  second  or 
less)  to  minimize  dynamic  lift  effects.  The 
load  factor  will  generally  not  be  exactly  lg 
when  stall  occurs;  when  this  is  the  case,  Vg  is 
defined  as  follows: 


vs 


V 

/no¬ 


where  V  and  n^  are  the  measured  values  at  stall, 
nf  being  the  load  factor  normal  to  the  flight 
path. 


V,(X>.  V  (X), 


short-hand  notation  for  the  speeds  V  W 
^max  ^or  a  8*ven  configuration,  weight,  center- 
of-gravity  position,  and  external  store  combina¬ 
tion  associated  with  Flight  Phase  X.  For 
example,  the  designation  Vmax(TO)  is  used  in 
3. 2. 9. 7. 1  to  emphasize  that  the  speed  intended 
(for  the  weight,  center  of  gravity,  and  external 
store  combination  under  consideration)  is  Vmav 
for  the  configuration  associated  with  the  take¬ 
off  Flight  Phase*  This  is  necessary  to  avoid 
confusion,  since  the  configuration  and  Flight 
Phase  change  from  takeoff  to  climb  during  the 
maneuver* 


Trim  speed 

Speed  for  maximum  endurance 

Speed  for  maximum  lift-to-drag  ratio 

Speed  for  maximum  rate  of  climb 


range 


Speed  for  maximum  range  in  zero  wind  conditions 


High  speed,  level  flight,  normal  rated  thrust 

High  speed,  level  flight,  military  rated  thrust 

High  speed,  level  flight,  maximum  augmented 
thrust 

Maximum  service  speed  (defined  in  1*5.2) 

Minimum  service  speed  (defined  in  1*5*2) 

Maximum  operational  speed  (1.5.1) 

Minimum  operational  speed  (1.5.1) 

Gust  penetration  speed 

Minimum  controllable  airspeed  (V^ ^ ) 

Minimum  controllable  ground  speed 


4.2.3 


Thrust  and  Power 


Thrust  and  power  For  propeller-driven  aircraft,  the  word  "thrust" 

shall  be  replaced  by  the  word  "power"  throughout 
the  specification 


TLF  Thrust  for  level  flight 

NRT  Normal  rated  thrust,  which  is  the  maximum  thrust 

at  which  the  engine  can  be  operated  continuously 


MRT  Military  rated  thrust,  which  is  the  maximum 

thrust  at  which  the  engine  can  be  operated  for  a 
specified  period 


MAT  Maximum  augmented  thrust:  maximum  thrust,  aug¬ 

mented  by  all  means  available  for  the  Flight 
Phase 


Takeoff  thrust  Maximum  thrust  available  for  takeoff 
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4.2.4 


Control  Parameters 


Pitch,  roll.  The  stick  or  wheel  and  pedals  manipulated  by  the 
yaw  controls  pilot  to  produce  pitching,  rolling  and  yawing 

moments  respectively;  the  cockpit  controls 

Component  of  appliea  force,  exerted  by  the  pilot 
the  cockpit  control,  in  or  parallel  to  the  plane 
of  symmetry,  acting  at  the  center  of  the  stick 
grip  or  wheel  in  a  direction  perpendicular  to  a 
line  between  the  center  of  the  stick  grip  and 
the  stick  or  control  column  pivot 

For  a  stick  control,  the  component  of  control 
force  exerted  by  the  pilot  in  a  plane  perpendi¬ 
cular  to  the  plane  of  symmetry,  acting  at  the 
center  of  the  stick  grip  in  a  direction  perpen¬ 
dicular  to  a  line  between  the  center  of  the 
stick  grip  and  the  stick  pivot.  For  a  wheel 
control,  the  total  moment  applied  by  the  pilot 
about  the  wheel  axis  in  the  plane  of  the  wheel, 
divided  by  the  average  radius  from  the  wheel 
pivot  to  the  pilot's  grip 

Difference  of  push-force  components  of  forces 
exerted  by  the  pilot  on  the  yaw-control  pedals, 
lying  in  planes  parallel  to  the  plane  of  symme¬ 
try,  measured  perpendicular  to  the  pedals  at  the 
normal  point  of  application  of  the  pilot's 
instep  on  the  respective  yaw-control  pedals 

Direct  normal  A  device  producing  direct  normal  force  for  the 
force  control  primary  purpose  of  controlling  the  flight  path 

of  the  aircraft.  Direct  normal  force  control  is 
the  descriptive  title  given  to  the  concept  of 
directly  modulating  the  normal  force  on  an  air¬ 
plane  by  changing  its  lifting  capabilities  at  a 
constant  angle  of  attack  and  constant  airspeed 
or  by  controlling  the  normal  force  component  of 
such  items  as  jet  exhausts,  propellers,  and  fans 

Control  power  Effectiveness  of  control  surfaces  in  applying 

forces  or  moments  to  an  aircraft.  For  example, 
50  percent  of  available  roll  control  power  is 
50  percent  of  the  maximum  rolling  moment  that  is 
available  to  the  pilot  with  allowable  roll  con¬ 
trol  force 
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r 


4.2.5  Longitudinal  Parameters 


i 


1/T0J 

1/Te2 

^SP 

“SP 

cp 

“p 


Low-frequency  pitch  attitude  zero 

High-frequency  pitch  attitude  zero 

Damping  ratio  of  the  short-period  oscillation 

Undamped  natural  frequency  of  the  short-period 
oscillation 

Damping  ratio  of  the  phugold  oscillation 

Undamped  natural  frequency  of  the  phugoid  oscil¬ 
lation 


wBW 

n 


nL 


“max’  "min 
n(+),  n(-) 


‘'"max’  n°min 
%<+>.  no<-> 


a 


Bandwidth  frequency  (3. 2. 1.2) 

Normal  acceleration  or  normal  load  factor, 
measured  at  the  c.g. 

Normal  acceleration  measured  at  the  instantane¬ 
ous  center  of  rotation  for  pitch  control  inputs 

Symmetrical  flight  limit  load  factor  for  a  given 
Aircraft  Normal  State,  based  on  structural  con¬ 
siderations 

Maximum  and  minimum  service  load  factors 

For  a  given  altitude,  the  upper  and  lower  boun¬ 
daries  of  n  in  the  V-n  diagrams  depicting  the 
Service  Flight  Envelope  (1.5) 

Maximum  and  minimum  operational  load  factors 

For  given  altitude,  the  upper  and  lower  boun¬ 
daries  of  n  in  the  V-n  diagrams  depicting  the 
Operational  Flight  Envelope  (1.5) 

Angle  of  attack;  the  angle  in  the  plane  of  sym¬ 
metry  between  the  fuselage  reference  line  and 
the  tangent  to  the  flight  path  at  the  airplane 
center  of  gravity 
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“s 


CL 

Lstall 

n/a 


Fs/n 


Y 


8 

L 


The  stall  angle  of  attack  at  constant  speed  for 
the  configuration,  weight,  center  of  gravity 
position  and  external-store  combination  associ¬ 
ated  with  a  given  Aircraft  Normal  State;  defined 
as  the  lowest  of  the  following: 

a.  Angle  of  attack  for  the  highest  steady  load 
factor,  normal  to  the  flight  path,  that  can 
be  attained  at  a  given  speed  or  Mach  number 

b.  Angle  of  attack,  for  a  given  speed  or  Mach 
number,  at  which  uncommanded  pitching, 
rolling  or  yawing  occurs  (3.8. 4.2) 

c.  Angle  of  attack,  for  a  given  speed  or  Mach 
number,  at  which  intolerable  buffeting  is 
encountered. 

Lift  coefficient  at  a§  defined  above. 

The  steady-state  normal  acceleration  change  per 
unit  change  in  angle  of  attack  for  an  incre¬ 
mental  pitch  control  deflection  at  constant 
speed  (airspeed  and  Mach  number) 

Gradient  of  steady-state  pitch  control  force 
versus  n  at  constant  speed  (3.2.9. 1) 

Climb  angle,  positive  for  climbing  flight 

Y  "  sin-1  (vertical  speed/true  airspeed) 

Pitch  attitude,  the  angle  between  the  x-axis  and 
the  horizontal 

Aerodynamic  lift  plus  thrust  component  normal  to 
the  flight  path 
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4.2.6 


Lateral-Directional  Parameters 


I 


uas 


rp 


“d 


?d 


“RS 

CRS 


4>t 


«rp(3) 


Displacement  of  the  roll  control  stick  or  wheel 
along  its  path 

Displacement  of  the  yaw  control  pedal 

First-order  spiral  mode  time  constant,  positive 
for  stable  mode 

First-order  roll  mode  time  constant,  positive 
for  stable  mode 


Undamped  natural  frequency  of  numerator  quad¬ 
ratic  of  $/Fas  transfer  function 

Damping  ratio  of  numerator  quadratic  of  $/Sa8 
transfer  function 

Undamped  natural  frequency  of  the  dutch  roll 
oscillation 

Damping  ratio  of  the  dutch  roll  oscillation 


Damped  period  of  the  dutch  roll. 


Td 


2ir 


Undamped  natural  frequency  of  a  coupled  roll- 
spiral  oscillation 

Damping  ratio  of  a  coupled  roll-spiral  oscilla¬ 
tion 


Bank  angle  measured  in  the  y-z  plane,  between 
the  y-axis  and  the  horizontal 

Bank  angle  change  in  time  t,  in  response  to 
control  deflection  of  the  form  given  in  3.5.9 

Roll  rate  about  the  x-axis 

Yaw-to-roll  crossfeed  parameter  (3.6.2. 1.2) 


756 


Poac^P, 


osc' ^av 


A  measure  of  Che  ratio  of  the  oscillatory  compo¬ 
nent  of  roll  rate  to  the  average  component  of 
roll  rate  following  a  yaw-control-free  step  roll 
control  command: 

,  <0  2-  _  PI  t  P3  ~  2P2 

d  *  Pav  PI  +  P3  +  2P2 


Pi  "  P2 
PI  +  P2 


osc'^av 


where  pj,  P2»  and  p^  are  roll  rates  at  the 
first,  second  and  third  peaks,  respectively. 
(Figures  1  and  2). 

A  measure  of  the  ratio  of  the  oscillatory  compo¬ 
nent  of  bank  angle  to  the  average  component  of 
bank  angle  following  a  pedals-free  Impulse 
aileron  control  command: 


«Pl  +  $3  ~  24>2 

i^l  +  ^3  +  2^2 


r  >  n  ?.  i°§£  -  "  *2 

d  *  ’  $av  *1  +  $2 

where  <(>2,  $ 3  are  bank  angles  at  the  first, 
second  and  third  peaks,  respectively. 


Sideslip  angle  at  the  center  of  gravity,  angle 
between  undisturbed  flow  and  plane  of  symmetry; 
positive,  or  right  sideslip  corresponds  to  Inci¬ 
dent  flow  approaching  from  the  right  side  of  the 
plane  of  symmetry 

Maximum  change  in  sideslip  occurring  within  2 
seconds  or  one  half-period  of  the  dutch  roll, 
whichever  Is  greater,  for  a  step  roll-control 
command  (Figures  1  and  2). 

Ratio  of  "command  roll  performance"  to  "appli¬ 
cable  roll  performance  requirement"  of  3. 5.9. 1, 
where : 

a.  "Applicable  roll  performance  requirement", 

($t)  .  is  determined  from  3. 5. 9.1 

c  requirement 

for  the  Class  and  Flight  Phase  Category 
under  consideration 


tn8 


+0 


b. 


"Commanded  roll  performance",  ( ^ )  , 

Is  the  bank  angle  attained  in  th^^TaVed 
time  for  a  given  step  roll  command  with  yaw 
control  pedals  employed  as  specified  In 


3.  5.  9.1 


k  - 


Ut) 


ThT 


command 


requirement 


Time  for  the  dutch  roll  oscillation  in  the  side¬ 
slip  response  to  reach  the  nth  local  maximum  for 
a  right  step  or  pulse  roll-control  command,  or 
the  nth  local  minimum  for  a  left  command.  In 
the  event  a  step  control  Input  cannot  be  accom¬ 
plished,  the  control  shall  be  moved  as  abruptly 
as  practical  and,  for  purposes  of  this  defini¬ 
tion,  time  shall  be  measured  from  the  Instant 
the  cockpit  control  deflection  passes  through 
half  the  amplitude  of  the  commanded  value.  For 
pulse  inputs,  time  shall  be  measured  from  a 
point  halfway  through  the  duration  of  the  pulse 


Phase  angle  expressed  as  a  lag  for  a  cosine 
representation  of  the  dutch  roll  oscillation  In 
sideslip,  where 


- - tn&  +  (n  -  1)  360  (degrees) 


with  n  as  in  tn  above 

p/8  Phase  angle  between  roll  rate  and  sideslip  in 

the  free  dutch  roll  oscillation.  Angle  is  posi¬ 
tive  when  p  leads  8  by  an  angle  between  0  and 
180  deg 

|$/8ld  At  any  Instant,  the  ratio  of  amplitudes  of  the 

bank-angle  and  sideslip-angle  envelopes  in  the 
dutch  roll  mode 

Examples  showing  measurement  of  roll-sideslip  coupling  parameters 
are  shown  on  Figure  1  for  right  rolls  and  Figure  2  for  left  rolls. 
Since  several  oscillations  of  the  dutch  roll  are  required  to  measure 
these  parameters,  and  since  for  proper  identification  large  roll  rates 
and  bank  angle  changes  must  generally  be  avoided,  step  roll  control 
inputs  should  be  small.  It  should  be  noted  that  since  is  the  phase 

angle  of  the  dutch  roll  component  of  sideslip,  care  must  be  taken  to 
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select  a  peak  far  enough  downstream  that  the  position  of  the  peak  Is  not 
Influenced  by  the  roll  mode*  In  practice,  peaks  occurring  one  or  two 
roll  mode  time  constants  after  the  aileron  input  will  be  relatively 
undistorted.  Care  must  also  be  taken  when  there  is  ramping  of  the  side¬ 
slip  trace,  since  ramping  will  displace  the  position  of  a  peak  of  the 
trace  from  the  corresponding  peak  of  the  dutch  roll  component*  In 
practice,  the  peaks  of  the  dutch  roll  component  of  sideslip  are  located 
by  first  drawing  a  line  through  the  ramping  portion  of  the  sideslip 
trace  and  then  noting  the  times  at  which  the  vertical  distance  between 
the  line  and  the  sideslip  trace  is  the  greatest.  (See  sketch  on  follow¬ 
ing  page  for  Case  (a)  of  Figures  1  and  2). 
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Since  the  first  local  maximum  of  the  dutch  roll  component  of  the  side¬ 
slip  response  occurs  at  t  -  2.95  seconds. 


H 


-360 

Td 


tn0  +  (n  -  1)  360 


-360 

3.5 


(2.95) 


-303  degrees 


Level  1  flying  qualities  of  a  Class  IV  aircraft  In  the  approach  are 
under  examination;  so  the  roll  performance  requirement  from  Table  I 
(3.5. 9. I)  upon  which  the  parameter  "k"  in  the  sideslip  excursion 
requirement  (Figure  1  (3. 6.2. 1. 1)]  Is  based.  If  <f>t  *  30  degrees  In  1 

second  with  rudder  pedals  free  (as  In  the  rolls  of  3.5.9. 1).  From  the 
definitions,  "k"  for  this  condition  Is, 


k 


Ui) 


TTTT 


command 


requirement 


Therefore  from  Figures  1  and  2: 


Case  (a),  k  ■  9.1/30  ■  0.30 
Case  (b),  k  -  8.1/30  -  0.27 


Case  (c),  k  ■  6.8/30  •  0.23 
Case  (d),  k  -  6.0/30  -  0.20 


762 


4.2.7 


Atmospheric  Disturbances  Parameters 


SpaCial  (reduced)  frequency  (radians  per  foot) 

Temporal  frequency  (radians  per  second),  where 
u>  -  flV 

Time  (seconds) 

Translational  disturbance  velocity  along  the  x-axls, 
positive  forward  (feet  per  second) 

Translational  disturbance  velocity  along  the  y-axls, 
positive  to  pilot's  right  (feet  per  second) 

Translational  disturbance  velocity  along  the  z-axls, 
positive  down  (feet  per  second) 

Note:  Random  u  ,  v„,  w  have  Gaussian  (normal) 

distributions8 


a,  RMS 


Root-mean-square  disturbance  intensity,  where 


#(£J)d« 


<K<i))da» 


Root-mean-square  Intensity  of  ug 
Root-mean-square  Intensity  of  vg 
Root-mean-square  Intensity  of  w 


Vfl) 

*w-(«) 


Scale  for  ug  (feet) 
Scale  for  Vg  (feet) 
Scale  for  Wg  (feet) 


where 

Vfl) 

where 

Vn> 

-  v^C) 

where 

(«) 

g 

-  (co) 

g 

Generalized  discrete  gust  intensity,  positive  along 
the  positive  axes,  m  ■  x,  y,  z  (feet  per  second) 

Rotary  disturbance  velocity  about  the  x-axls 

Rotary  disturbance  velocity  about  the  y-axis 
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Rotary  disturbance  velocity  about  the  z-axis 


Spec trim  for  p 


8 


<*8 


Spectrum  for  a 

8 

Spectrum  for  r 


4.2.8 


Post-stall  The  flight  regime  Involving  angles  of  attack 

greater  than  nominal  stall  angles  of  attack. 
The  aircraft  characteristics  in  the  post¬ 
stall  regime  may  consist  of  three  more  or 
less  distinct  consecutive  types  of  aircraft 
motion  following  departure  from  controlled 
flight:  post-stall  gyration,  incipient  spin, 
and  developed  spin. 

Post-stall  gyration  (PSG)  Uncontrolled  motions  about  one  or  more  air¬ 
plane  axis  following  departure  from  con¬ 
trolled  flight.  While  this  type  of  aircraft 
motion  Involves  angles  of  attack  higher  than 
stall  angle,  lower  angles  may  be  encountered 
intermittently  in  the  course  of  the  motion* 

Spin  That  part  of  the  post-stall  aircraft  motion 

which  is  characterized  by  a  sustained  yaw 
rotation.  The  spin  may  be  erect  or  inverted, 
flat  (high  angle  of  attack)  or  steep  (low  but 
still  stalled  angle  of  attack)  and  the  rotary 
motions  may  have  oscillations  in  pitch,  roll 
and  yaw  superimposed  on  them.  The  incipient 
spin  is  the  initial,  transient  phase  of  the 
motion  during  which  it  is  not  possible  to 
identify  the  spin  mode,  usually  followed  by 
the  developed  spin,  the  phase  during  irtiich  it 
is  possible  to  identify  the  spin  mode. 
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4.3 


GAIN  SCHEDULING 


Changes  of  mechanical  gearings  and  stability  augmentation  gains  in 
the  primary  flight  control  system  are  sometimes  accomplished  by  schedul¬ 
ing  the  changes  as  a  function  of  the  settings  of  secondary  control 
devices,  such  as  flaps  or  wing  sweep.  This  practice  is  generally 
acceptable,  but  gearings  and  gains  normally  should  not  be  scheduled  as  a 
function  of  trim  control  settings  since  pilots  do  not  always  keep  air¬ 
planes  in  trim. 


4.4  ENGINE  CONSIDERATIONS 


Secondary  effects  of  engine  operation  may  have  an  Important  bearing 
on  flying  qualities  and  should  not  be  overlooked  in  design.  These  con¬ 
siderations  are:  the  Influence  of  engine  gyroscopic  moments  on  airframe 
dynamic  motions;  the  effects  of  engine  operation  (including  flameout  and 
intentional  shutdown)  on  characteristics  of  flight  at  high  angle  of 
attack  (3.8.4);  and  the  reduction  at  low  rpm  of  engine-derived  power  for 
operating  the  flight  control  system. 


4.5  EFFECTS  OF  AEROELASTICITY,  CONTROL  EQUIPMENT 

AND  STRUCTURAL  DYNAMICS 


Since  aeroelasticlty,  control  equipment  and  structural  dynamics  may 
exert  an  important  influence  on  the  aircraft  flying  qualities,  such 
effects  should  not  be  overlooked  in  calculations  or  analyses  directed 
toward  investigation  of  compliance  with  the  requirements  of  this  speci¬ 
fication. 


APPENDIX  A 


DETERMINING  EQUIVALENT  STS  THIS 

Many  flight  control  mechanizations  are  complex,  and  their  mathemati¬ 
cal  models  are  of  high  order.  All  the  requirements  for  modal  parameters 
require  matching  the  high-order  response  with  a  low-order  equivalent. 
The  modal  requirements  then  apply  for  all  realizable  input  magnitudes  at 
all  operating  points  within  the  appropriate  flight  envelope.  There  are 
many  procedures  in  the  literature  for  extracting  reduced-order  realiza¬ 
tions  of  dynamic  models.  These  methods  have  high-order  dynamic  models 
as  their  input,  and  low-order  equivalent  models  as  their  output.  For 
uniformity  this  appendix  defines  the  essential  components  of  the  proce¬ 
dure,  However,  the  particular  method  used  is  left  to  the  choice  of  the 
individual  contractor.  Methods  which  have  been  used  by  various  investi¬ 
gators  Include: 

•  Matching  frequency  responses  of  high-order, 

linearized  transfer  functions 

•  Matching  frequency  responses  extracted  from 

flight  time  histories  using  a  fast  Fourier 
algorithm 

•  Matching  frequency  responses  generated  by  stick 

cycling  in  flight 

•  Using  a  maximum  likelihood  technique  to  match 

flight  time  history  data 

The  met1'  "d  shall  adjust  all  the  parameters  in  the  equivalent  system, 
with  the  exception  of  certain  numerator  parameters  in  single-response 
matching.  This  exception  shall  apply  only  if  approved  by  the  procuring 
activity.  The  method  shall  produce  the  minimum  possible  value  of  the 
weighted  sum  of  the  squares  of  the  frequency  response  differences  in 
magnitude  and  phase  angle  between  the  equivalent  low-order  system  (LOS) 
and  the  input  high-order  system  (HOS)  at  n  discrete  frequencies,  i«e,: 

—  2^  Kgaingos  -  gainLOs)  +  0, 02(phaseHos  “  phase^s)  1 

“I 
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where 


gain  is  in  dB 

phase  is  in  degrees 

a)  denotes  the  input  frequency 

n  is  the  number  of  discrete  frequencies 

When  analytical  data  are  used,  the  frequencies  (at  least  ten  per  decade) 
shall  be  equi-spaced  on  the  log  scale.  When  experimental  data  are  used, 
the  low-order  system  shall  be  matched  as  closely  as  possible  to  the  da"a 
at  the  experimental  frequencies. 

The  weighting  between  gain  and  phase  is  such  that  1  dB  of  gain  mis¬ 
match  and  7  degrees  of  phase  mismatch  have  equal  significance  in  the 
total  mismatch  function.  In  practice  the  results  will  be  very  insensi¬ 
tive  to  this  weighting.  For  example,  a  value  of  0.01745  (which  appears 
to  be  a  degrees-to-radians  correction  factor  but  actually  is  not)  has 
been  reported  in  the  literature.  This  will  not  produce  materially  dif¬ 
ferent  results  than  0.02.  Experience  with  one  matching  program  is 
reproduced  in  the  following  excerpt  from  a  McDonnell  paper  in  Journal 
R.Ae.S. ,  February  1976: 

The  nomimal  value  of  W  [weighting]  in  the  cost  function 
was  0.01745.  Some  runs  were  made  with  W  =  (0.01745)  , 
so  that  equal  weight  could  be  assigned  to  gain  (dB)  and 
phase  (radians)  mismatches.  This  produced  matches  which 
were  qualitatively  judged  to  weight  gain  too  heavily, 
and  using  0.01745  instead  produced  matches  which  were  a 
good  balance  between  gain  and  phase  for  Neal  and  Smith's 
configurations.  In  fact,  the  parameter  values  were 


fairly  insensitive  to  weighting  coefficient  choice,  as 
indicated  in  the  following  table,  which  illustrates  the 
effects  of  W  changes  for  configuration  2-H. 

W 

X 

^sp 

Csp 

La 

K9 

(0.01745)2 

0.092 

3.89 

0.50 

4.67 

3.37 

0.01745 

0.095 

3.95 

0.51 

4.67 

3.44 

0.05 

0.104 

3.75 

0.54 

3.71 

3.88 

0.1 

0.110 

3.70 

0.56 

3.34 

4.13 
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The  factor  20/n  does  not  affect  the  equivalent  parameters.  It  is 
included  as  a  convenience  to  allow  the  mismatch  function  value  to  be 


compared  with  similarly  defined  mismatches  in  the  literature.  i 

When  different  responses  are  matched  simultaneously  (for  example, 
roll  rate  to  stick,  force  and  sideslip  to  rudder),  each  response  shall 
have  equal  significance.  However,  note  that  the  minimum  value  of  the 
total  mismatch  function  will  usually  occur  with  numerically  unequal  gain  j 

and  phase  mismatches  and  unequal  mismatches  for  different  responses. 

When  the  modal  parameters  are  common  to  the  two  responses,  they 
shall  be  constrained  to  be  identical.  For  example,  the  dutch  roll  mode 
shall  have  the  same  damping  and  frequency  in  the  roll  and  sideslip 
responses.  This  requirement  may  be  waived  by  the  procuring  activity  for 
vehicles  with  flight  control  systems  which  utilize  more  than  the  conven¬ 
tional  number  of  independent  force  and  moment  producers. 

In  the  main  body  of  the  Handbook,  mismatch  envelopes  are  shown  as  a 
guide  to  determining  whether  a  mismatch  is  allowable.  The  envelopes  are 

i 

defined  as  functions  of  the  Laplace  variable,  s,  as  follows: 

Upper  Gain  Envelope; 

3.16s2  +  31.61s  +  22.79 

s2  +  27.14s  +  1.84 

Lower  Gain  Envelope; 

0.095b2  +  9.92s  +  2.15 
s2  +  11.6s  +  4.95 

Upper  Phase  Envelope;  j 

68.89s2  +  1100.12s  -  275.22  eo.006s  i 

s2  +  39.94s  +  9.99  6 

Lower  Phase  Envelope; 

475.32s2  +  184100s  +  29460  e-0. 0072s 
s2  +  11. 66s  +  0.039 
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These  envelopes  are  to  be  used  only  after  the  matching  process  has 
been  performed.  Normally,  mismatches  will  be  far  smaller  than  those  the 
envelopes  allow. 

Components  of  Computer  Program 

The  basic  components  of  an  equivalent  systems  computer  program  which 
is  currently  used  by  the  U.S.  Government  are  shown  In  the  following  sim¬ 
plified  flow  chart  (Figure  1).  The  broken  lines  enclose  three  separate 
subroutines  which  are  briefly  described  below. 

Input  —  The  Input  section  establishes  the  high-order  response  and 
the  initial  guesses  for  its  low-order  system.  It  accounts  for  elements 
that  are  held  constant  (e.g.,  the  short-period  pitch  numerator  root, 
I/Tq^).  If  two  systems  are  matched  simultaneously,  the  objective  vector 
would  consist  of  two  frequency  responses  and  the  search  vector  of  two 
sets  of  transfer  function  coefficients.  In  addition  the  Input  section 
also  sets  the  frequency  range,  number  of  frequencies,  and  number  of 
iterations. 

Search  —  The  Search  section  manipulates  the  search  vector  to  make 
its  frequency  response  approximate  the  objective  vector.  It  is  made  up 
of  four  subsections:  a  search  algorithm  containing  a  minimization 
strategy,  a  cost  function,  a  frequency  response  calculator,  and  a  set  of 
convergence  criteria.  The  search  algorithm  is  a  general-purpose,  multi- 
variable  optimization  routine  which  will  attempt  to  minimize  any  cost 
function  by  varying  a  search  vector.  A  modified  Rosenbrock  search  rou¬ 
tine  is  used  in  the  example  program  although  a  wide  variety  of  possible 
methods  exists.  Figure  2  is  a  flow  chart  of  the  Rosenbrock  routine 
used.  A  more  detailed  description  is  in  Optimization  —  Theory  and 
Practice  by  G.S.G.  Beveridge  and  R.  S.  Schechter.  The  cost  or  mismatch 
function,  described  previously  in  this  appendix,  is  a  scalar  sum  of  the 
squares  of  gain  and  phase  differences  between  the  low-  and  high-order 
frequency  responses.  The  cost  function  subsection  requires  the  fre¬ 
quency  response  of  the  current  low-order  system  in. order  to  calculate 
the  mismatch.  The  convergence  criteria  determine  whether  an  optimum 
match  has  been  found.  In  the  example  program,  convergence  is  considered 
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Figure  1  (Appendix  A).  Simplified  Flow  Chart  for  Equivalent 
System  Computer  Program 
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Figure  2  (Appendix  A).  Flow  Chart  for  a  Modified  Rosenbrock  Search  Algorithm 
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optimum  when  the  search  vector  changes  by  less  than  0*001  percent 
between  iterations* 

Output  —  This  section  presents  the  results  of  the  Search  section  to 
the  user*  The  final  optimum  low-order  system,  the  mismatch,  and  fre¬ 
quency  responses  of  the  high-  and  low-order  systems  are  primary  outputs* 

The  preceding  example  was  intended  to  show  how  equivalent  systems 
can  be  calculated,  not  how  they  must  be*  Although  the  example  is  based 
on  an  actual  working  program,  the  number  of  possible,  equally  good  pro¬ 
grams  is  limited  only  by  the  number  and  creativity  of  prospective  users. 
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APPENDIX  B 


AN  EXAMPLE  MIL  STANDARD 


INTRODUCTION 

It  is  recognized  that  the  "cookbook"  format  of  the  MIL  Standard  rep¬ 
resents  a  significant  change  from  the  generalized  layout  of  MIL-F-8785C. 
In  addition,  users  of  the  Standard  and  Handbook  are  confronted  with  a 
reorganization  of  the  requirements  into  an  axis-by-axis  breakdown. 
Familiarity  with  both  of  these  changes  will  come  with  time.  In  order  to 
assist  the  user  in  interpreting  and  applying  the  MIL  Standard,  an  exam¬ 
ple  Standard  has  been  assembled.  In  most  cases,  fill-ins  for  the  blanks 
in  the  Standard  were  straightforward.  Where  additional  guidance  is 
needed,  or  where  amplification  on  application  of  requirements  is  neces¬ 
sary,  we  have  added  discussions,  set  off  in  brackets  ([]).  Where  alter¬ 
native  requirements  exist,  the  MIL-F-8785C  requirement  has  been  used  to 
clarify  the  connection  between  the  old  and  new  formats. 

Some  requirements  from  the  Standard  are  not  applicable  to  the  exam¬ 
ple  aircraft  specified  and  are  not  included  here.  Inasmuch  as  the 
Standard  sections  are  numbered  to  be  consistent  with  the  Handbook  to 
facilitate  cross-referencing  the  numbering  is  not  consecutive.  All 
tables  and  figures  included  herein  are  numbered  sequentially  to  avoid 
any  potential  confusion  (e.g.,  there  is  only  one  Table  1  in  this 
appendix).  Corresponding  tables  and  figures  can  be  found  in  the  Hand¬ 
book  by  consulting  the  sections  in  which  they  occur  in  this  appendix. 

The  aircraft  specified  in  this  generic  Standard  is  intended  to  be  a 
single-seat  lightweight  (20,000-lb)  highly  maneuverable  supersonic 
fighter/attack  (Class  IV)  aircraft  designed  to  operate  from  tactical 
airfields.  It  would  be  considered  to  represent  an  F-5-  or  F-16-type 
aircraft,  though  no  such  comparison  is  intended.  This  class  of  aircraft 
was  chosen  simply  as  an  illustrative  example,  and  should  not  be  con¬ 
strued  to  reflect  on  the  applicability  of  the  Standard  and  Handbook  for 
any  actual  aircraft,  or  aircraft  of  any  other  Class. 
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1 


SCOPE  AND  OPERATIONAL  OBJECTIVES 


1.1  Scope.  This  specification  contains  the  requirements  for  the 
flying  and  ground  handling  qualities  of  a  U.S.  military  aircraft.  It  is 
intended  to  assure  flying  qualities  for  adequate  mission  performance  and 
flight  safety  regardless  of  the  design  implementation  or  flight  control 
system  augmentation. 

1.2  Application.  The  flying  qualities  of  the  aircraft  proposed  or 
contracted  for  shall  be  in  accordance  with  this  specification.  The 
requirements  are  written  in  terms  of  the  axis  of  vehicle  motion  and 
include  all  aspects  of  control  for  that  axis,  as  well  as  vehicle  re¬ 
sponses  to  other  inputs,  e.g.,  turbulence,  store  release,  etc.  This 
approach  therefore  includes  requirements  for  other  (i.e.,  secondary) 
methods  of  control  for  a  given  axis  (DLC,  speed  brakes,  etc.).  The 
requirements  apply,  as  stated,  to  the  combination  of  airframe  and 
related  subsystems.  This  includes  stability  augmentation  and  flight 
control  systems  (automatic  and/or  manual),  when  provided. 

1.3  Aircraft  Classification  and  Operational  Missions.  For  the  pur¬ 
pose  of  this  Standard,  the  aircraft  specified  in  this  requirement  is  to 
accomplish  the  following  missions:  [In  a  complete  procurement  Standard, 
the  full  range  of  expected  mission  profiles  would  be  summarized  here. 
For  illustrative  purposes  we  shall  choose  a  single  mission  which  will 
exercise  all  elements  of  the  Flight  Phases  (1.4)  and  Operational  Flight 
Envelope  (1.5.1).  The  speed,  load  factor,  and  weight  ranges  would  be 
consistent  with  Table  1  (1.5.1)  of  the  Handbook.  The  mission  chosen 
consists  of  the  following  sequences:  Takeoff,  Climb,  Cruise,  Alr-to-Air 
Combat,  In-Flight  Refueling  (Receiver),  Cruise,  Descent,  Approach,  and 
Landing.  Additional  allowance  is  made  for  Go-Arounds  if  necessary]. 
The  aircraft  thus  specified  will  be  a  Class  IV-L  aircraft. 

1.4  Flight  Phase  Categories.  To  accomplish  the  mission 
requirements  the  following  general  Flight  Phase  categories  are  involved: 


Flight  Phase  Category 


Takeoff  (TO)  C 
Climb  (CL)  B 
Cruise  (CR)  B 
Air-to-Air  Combat  (CO)  A 
In-Flight  Refueling 

(Receiver)  (RR)  A 
Cruise  (CR)  B 
Descent  (D)  B 
Approach  (PA)  C 
Go-Around  (WO)  C 
Landing  (L),  including  tactical  C 


landings  on  a  short,  narrow,  or 
bomb-cratered  runway 
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1.5 


Flight  Envelopes 

1.5.1  Operational  Flight  Envelopes.  The  Operational  Flight  Enve¬ 
lopes  define  the  boundaries  in  terms  of  speed,  altitude  and  load  factor 
within  which  the  aircraft  must  be  capable  of  operating  in  order  to 
accomplish  the  missions  of  Paragraph  1.3.  The  contractor  shall  use  the 
representative  conditions  of  Table  1  (1.5.1)  of  the  Handbook  for  the 
applicable  Flight  Phases. 

1.5.2  Service  Flight  Envelopes.  For  each  Aircraft  Normal  State  the 
contractor  shall  establish,  subject  to  the  approval  of  the  procuring 
activity.  Service  Flight  Envelopes  showing  combinations  of  speed,  alti¬ 
tude,  and  normal  acceleration  derived  from  aircraft  limits  as  distin¬ 
guished  from  mission  requirements.  For  each  applicable  Flight  Phase  and 
Aircraft  Normal  State,  the  boundaries  of  the  Service  Flight  Envelopes 
can  be  coincident  with  or  lie  outside  the  corresponding  Operational 
boundaries.  The  boundaries  of  the  Service  Flight  Envelopes  shall  be 
based  on  considerations  discussed  in  the  Handbook. 

1.5.3  Permissible  Flight  Envelopes.  The  contractor  shall  define 
Permissible  Flight  Envelopes  which  encompass  all  regions  in  which  opera¬ 
tion  of  the  aircraft  is  both  allowable  and  possible,  and  which  the  air¬ 
craft  is  capable  of  safely  encountering.  These  Envelopes  define  bound¬ 
aries  in  terms  of  speed,  altitude,  and  load  factor. 

1.6  State  of  the  Aircraft 

1.6.1  Aircraft  Normal  States.  The  contractor  shall  define  and 
tabulate  all  pertinent  items  to  describe  the  Aircraft  Normal  States  (no 
component  or  system  failure)  associated  with  each  of  the  applicable 
Flight  Phases.  This  tabulation  shall  be  in  the  format  of  Table  1  and 
shall  use  the  nomenclature  specified  in  4.2.  Certain  items,  such  as 
weight,  moments  of  inertia,  center-of-gravity  position,  wing  sweep,  or 
thrust  setting  may  vary  continuously  over  a  range  of  values  during  a 
Flight  Phase.  The  contractor  shall  replace  this  continuous  variation  by 
a  limited  number  of  values  of  the  parameter  in  question  which  will  be 
treated  as  specific  States,  and  which  include  the  most  critical  values 
and  the  extremes  encountered  during  the  Flight  Phase  in  question. 

1.6.2  Aircraft  Failure  States.  The  contractor  shall  define  and 
tabulate  all  Aircraft  Failure  States,  which  consist  of  Aircraft  Normal 
States  modified  by  one  or  more  malfunctions  in  aircraft  components  or 
systems;  for  example,  a  discrepancy  between  a  selected  configuration  and 
an  actual  configuration.  Those  malfunctions  that  result  in  center-of- 
gravity  positions  outside  the  center-of-gravity  envelope  defined  in 
3.1.1  shall  be  included.  Each  mode  of  failure  shall  be  considered. 
Failures  occurring  in  any  Flight  Phase  shall  be  considered  in  all  subse¬ 
quent  Flight  Phases. 
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1.6.3  Aircraft  Special  Failure  States.  Certain  components,  sys¬ 
tems,  or  combinations  thereof  may  have  extremely  remote  probability  of 
failure  during  a  given  flight.  These  failure  probabilities  may,  in 
turn,  be  very  difficult  to  predict  with  any  degree  of  accuracy.  Special 
Failure  States  of  this  type  need  not  be  considered  in  complying  with  the 
requirements  of  Section  3  if  justification  for  considering  them  as 
Special  Failure  States  is  submitted  by  the  contractor  and  approved  by 
the  procuring  activity. 

1.7  Levels  of  Flying  Qualities.  The  acceptability  of  the  handl¬ 
ing  characteristics  of  an  aircraft  are  quantified  herein  in  terms  of 
"Levels"  that  are  defined  as  follows: 

Level  1  Flying  qualities  clearly  adequate  for  the  mission 

Flight  Phase.  Aircraft  is  satisfactory  without 
improvement. 

Level  2  Flying  qualities  adequate  to  accomplish  the  mission 

Flight  Phase,  but  some  increase  in  pilot  workload  or 
degradation  in  mission  effectiveness,  or  both, 
exists.  Aircraft  deficiencies  warrant  improvement. 

Level  3  Flying  qualities  such  that  the  aircraft  can  be  con¬ 
trolled  safely,  but  pilot  workload  is  excessive  or 
mission  effectiveness  is  inadequate,  or  both.  Cate¬ 
gory  A  Flight  Phases  can  be  terminated  safely,  and 

Category  B  and  C  Flight  Phases  can  be  completed. 

Aircraft  deficiencies  require  improvement. 

Where  possible,  the  requirements  of  Section  3  are  stated  in  terms  of 
three  limiting  values  of  one  or  more  flying  quality  parameters.  Each 
value,  or  combination  of  values,  represents  a  minimum  condition  neces¬ 
sary  to  meet  one  of  the  three  "Levels"  of  acceptability. 

In  some  cases  sufficient  simulation  or  flight  test  data  do  not  exist 
to  allow  the  specification  of  numerical  values  of  a  flying  quality  para¬ 
meter.  In  such  cases  it  is  not  possible  to  explicitly  define  the  lower 
boundary  of  each  Level.  These  cases  are  handled  by  stating  the  required 
"Level"  of  flying  qualities  for  specified  piloting  tasks,  which  require 
compliance  by  demonstration  in  flight  or  via  piloted  simulation. 

It  is  expected  that  flying  qualities  will  degrade  with  increasing 
atmospheric  disturbances  and/or  Aircraft  Failure  States.  To  account  for 
this,  the  Levels  will  be  adjusted  as  a  function  of  turbulence  magnitude 
and  failures.  These  adjustments  to  the  definition  of  flying  quality 
Levels  are  to  be  used  for  those  requirements  where  numerical  values  are 
not  specifically  stated.  The  adjusted  Level  definitions  should  not  be 
construed  as  a  recommendation  to  degrade  flying  qualities  with  increas¬ 
ing  values  of  atmospheric  disturbances. 

The  requirements  for  aircraft  Levels  as  a  function  of  flight  enve¬ 
lopes  and  failure  states  are  presented  in  Paragraph  3.1.5.  The  effect 
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of  atmospheric  disturbances  on  Levels  is  given  in  Paragraphs  3.9.1  and 
3. 9. A. 


2.  APPLICABLE  DOCUMENTS .  The  following  specifications  and  stan¬ 
dards,  of  the  issue  in  effect  on  the  date  of  invitation  for  bids  or 
request  for  proposal,  form  a  part  of  this  specification  to  the  extent 
specified  herein.  Copies  of  specifications  and  standards  required  by 
contractors  in  connection  with  specific  procurement  functions  should  be 
obtained  from  the  procuring  activity  or  as  directed  by  the  contracting 
officer. 


Specifications 

MIL-A-8861  Airplane  Strength  and  Rigidity  —  Flight  Loads 

MIL-D-8708  Demonstration  Requirements  for  Airplanes 

MIL-F-9490  Flight  Control  Systems  —  Design,  Installation 
and  Test  of,  Piloted  Aircraft,  General  Specifi¬ 
cation  for 


MIL-C-18244  Control  and  Stabilization  Systems,  Automatic, 
Piloted  Aircraft,  General  Specification  for 


MIL-F-18372  Flight  Control  Systems,  Design,  Installation  and 
Test  of,  Aircraft  (General  Specification  for) 

MIL-S-83691  Stall/Post-Stall/Spin  Flight  Test  Demonstration 
Requirements  for  Airplanes 


MIL-W-25140  Weight  and  Balance  Control  Data  (for  Airplanes 
and  Rotorcraft) 


Standard 

MIL-STD-756  Reliability  Prediction 


Belated  Documents 


Specifications 


MIL-C-5011 

Charts;  Standard  Aircraft  Characteristics  and 
Performance,  Piloted  Aircraft 

MIL-M-7700 

Manual,  Flight 

MIL-A-8860 

Airplane  Strength  and  Rigidity  —  General  Speci¬ 
fication  for 

MIL-A-887 1 

Airplane  Strength  and  Rigidity  Flight  and  Ground 
Operations  Test 

MIL-G-38478 

General  Requirements  for  Angle-of-Attack-Based 
Systems 
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Standard 


MIL-STD-882  Systems  Safety  Program  for  Systems  and  Associ¬ 
ated  Subsystems  and  Equipment:  Requirement  for 

Publications 

AFSC  Design  Handbooks: 

DH  1-0  General 

DH  2-0  Aeronautical  Systems 

AFFDL  Technical  Report: 

TR  69-72  Background  Information  and  User  Guide  for  MIL- 
F-8785B,  Military  Specification  —  Flying 

Qualities  of  Piloted  Airplanes,  August  1969 

AFWAL  Technical  Report: 

TR  81-3109  Background  Information  and  User  Guide  for  MIL- 
F-8785C,  Military  Specification  —  Flying 

Qualities  of  Piloted  Airplanes,  July  1982 


3.  REQUIREMENTS 

3.1  GENERAL  REQUIREMENTS 


3.1.1  Loadings.  The  envelope  of  center  of  gravity  and  weight  for 
each  flight  phase  shall  be  specified  by  the  contractor.  In  addition, 
the  contractor  shall  specify  the  maximum  c.g.  excursion  attainable 
through  failure  In  systems  or  components  for  each  flight  phase. 

3.1.2  Moments  and  Products  of  Inertia.  The  contractor  shall  define 
the  moments  and  products  of  inertia  of  the  aircraft  associated  with  all 
loadings  of  3.1.1.  The  requirements  of  this  specification  shall  apply 
for  all  moments  and  products  of  inertia  so  defined. 

3.1.3  External  Stores.  The  external  stores  and  store  combinations 
to  be  considered  are  as  follows:  0,  1,  or  2  air-to-air  wingtip  missiles. 
The  requirements  of  this  Standard  shall  apply  to  these  store  conditions. 
The  effects  of  external  stores  on  the  weight,  moments  of  inertia,  center 
of  gravity  position,  and  aerodynamic  characteristics  of  the  aircraft 
shall  be  considered  for  each  mission  Flight  Phase..  When  the  stores  con¬ 
tain  expendable  loads,  the  requirements  of  this  Standard  apply  through¬ 
out  the  range  of  store  loadings. 

3.1.4  Configurations .  The  requirements  of  this  specification  shall 
apply  for  all  configurations  required  or  encountered  in  the  applicable 
Flight  Phases  of  Section  1.4.  A  configuration  is  defined  by  the  posi¬ 
tions  and  adjustments  of  the  various  selectors  and  controls  available  to 
the  crew  except  for  pitch,  roll,  yaw,  throttle  and  trim  controls.  Exam¬ 
ples  are:  the  flap  control  setting  and  the  yaw  damper  ON  or  OFF.  The 
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selected  configurations  to  be  examined  must  consist  of  those  required 
for  performance  and  mission  accomplishment.  Control  positions  which 
activate  stability  augmentation  necessary  to  meet  the  requirements  of 
this  standard  are  considered  to  be  always  on  unless  otherwise  specified. 


3.1.5  Allowable  Levels  for  Aircraft  Normal  States 


3. 1.5.1  Within  Operational  Flight  Envelopes.  The  minimum  required 
flying  qualities  for  the  Aircraft  Normal  State  within  the  Operational 
Flight  Envelope  will  be  Level  1.  To  account  for  degradation  in  handling 
qualities  due  to  atmospheric  disturbances  the  requirements  will  be 
adjusted  as  a  function  of  disturbance  magnitude  according  to  the 
requirements  of  Paragraph  3.9.1. 

3. 1.5. 2  Within  Service  Flight  Envelopes.  The  minimum  required  fly¬ 
ing  qualities  for  the  Aircraft  Normal  State  within  the  Service  Flight 
Envelope  but  outside  the  Operational  Flight  Envelope  will  be  Level  2. 

3. 1.5. 3  Within  Permissible  Flight  Envelopes.  From  all  points 
in  the  Permissible  Flight  Envelopes  and  outside  the  Service  Flight  Enve¬ 
lope,  it  shall  be  possible  readily  and  safely  to  return  to  the  Ser¬ 
vice  Flight  Envelope  without  exceptional  pilot  skill  or  technique.  The 
requirements  on  flight  at  high  angle  of  attack,  dive  characteristics, 
dive  recovery  devices  and  dangerous  flight  conditions  shall  also  apply. 

3. 1.5. 4  For  ground  operation.  Some  requirements  pertaining  to 
taxiing  involve  operation  outside  the  Operational,  Service,  and  Permis¬ 
sible  Flight  Envelopes,  as  at  Vg  or  on  the  ground.  When  requirements 
are  stated  at  conditions  such  as  these,  the  Levels  shall  be  applied  as 
if  the  conditions  were  in  the  Operational  Flight  Envelope. 


3.1.6  Allowable  Levels  for  Aircraft  Failure  States 


3. 1.6.1  Probability  Calculation.  When  Aircraft  Failure  States 
exist  (1.6.2),  a  degradation  in  flying  qualities  is  permitted  only  if 
the  probability  of  encountering  a  lower  Level  than  specified  in  Para. 
3.1.5  is  sufficiently  small.  The  contractor  shall  determine,  based  on 
the  most  accurate  available  data,  the  probability  of  occurrence  of  each 
Aircraft  Failure  State  per  flight  hour  within  the  Operational  and  Ser¬ 
vice  Flight  Envelopes.  Each  specific  failure  is  assumed  to  be  present 
at  whichever  point  in  the  Flight  Envelope  being  considered  is  most  crit¬ 
ical  (in  the  flying  qualities  sense).  From  these  Failure  State  proba¬ 
bilities  and  effects,  the  contractor  shall  determine  the  overall  proba¬ 
bility,  per  flight  hour,  that  one  or  more  flying  qualities  are  degraded 
to  Level  2  because  of  one  or  more  failures.  The  contractor  shall  also 
determine  the  probability  that  one  or  more  flying  qualities  are  degraded 
to  Level  3.  These  probabilities  shall  be  less  than  the  values  shown  in 
Table  2. 
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TABLE  2  (Appendix  B) 


ALLOWABLE  LEVELS  FOR  AIRCRAFT  FAILURE  STATES 


PROBABILITY  OF 
ENCOUNTERING 

WITHIN  OPERATIONAL 
FLIGHT  ENVELOPE 

WITHIN  SERVICE 
FLIGHT  ENVELOPE 

Level  2  after  failure 

<  2.5  x  10“3 

per  flight  hr 

Level  3  after  failure 

<  2.5  x  10-5 

<  2.5  x  10~3 

per  flight  hr 

per  flight  hr 

3.1.7  Dangerous  Flight  Conditions.  Dangerous  conditions  may  exist 
where  the  aircraft  should  not  be  flown.  When  approaching  these  flight 
conditions,  it  shall  be  possible  by  deafly  discernible  means  for  the 
pilot  to  recognize  the  impending  dangers  and  take  preventive  action. 

3. 1.7.1  Warning  and  Indication.  Warning  and  indication  of  approach 
to  a  dangerous  condition  shall  be  clear  and  unambiguous.  For  example,  a 
pilot  must  be  able  to  distinguish  readily  among  stall  warning  (which 
requires  pitching  down  or  increasing  speed),  Mach  buffet  (which  may 
indicate  a  need  to  decrease  speed),  and  normal  aircraft  vibration  (which 
indicates  no  need  for  pilot  action). 

3 . 1 . 7 . 2  Devices  for  indication,  warning,  prevention,  recovery.  It 
is  intended  that  dangerous  flight  conditions  be  eliminated  and  the 
requirements  of  this  specification  met  by  appropriate  aerodynamic  design 
and  mass  distribution,  rather  than  through  incorporation  of  a  special 
device  or  devices.  As  a  minimum,  these  devices  shall  perform  their 
function  whenever  needed  but  shall  not  limit  flight  within  the  Opera¬ 
tional  Flight  Envelope.  Neither  normal  nor  inadvertent  operation  of 
such  devices  shall  create  a  hazard  to  the  aircraft.  For  Levels  1  and  2, 
nuisance  operation  shall  not  be  possible.  Functional  failure  of  the 
devices  shall  be  indicated  to  the  pilot. 

3.1.8  Interpretation  of  Subjective  Requirements.  In  several 
instances  throughout  the  specification  subjective  terms,  such  as  objec¬ 
tionable  flight  characteristics,  realistic  time  delay,  normal  pilot 
technique  and  excessive  loss  of  altitude  or  buildup  of  speed,  have  been 
employed  where  insufficient  information  exists  to  establish  absolute 
quantitative  criteria.  Final  determination  of  compliance  with  require¬ 
ments  so  worded  will  be  made  by  the  procuring  activity. 

3.1.9  Interpretation  of  Quantitative  Requirements.  The  numerical 
requirements  of  this  specification  generally  are  stated  in  terms  of  a 
linear  mathematical  description  of  the  aircraft.  Certain  factors,  for 
example  flight  control  system  nonlinearities  and  higher-order  character¬ 
istics  or  aerodynamic  nonlinearities,  can  cause  the  aircraft  response  to 
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differ  significantly  from  that  of  the  linear  model.  The  contractor 
shall  determine  equivalent  classical  systems  which  have  responses  most 
closely  matching  those  of  the  actual  aircraft.  Then  those  numerical 
requirements  of  Section  3  which  are  stated  in  terms  of  linear  system 
parameters  (such  as  frequency,  damping  ratio  and  modal  phase  angles) 
apply  to  the  parameters  of  that  equivalent  system  rather  than  to  any 
particular  modes  of  the  actual  higher-order  system.  The  adequacy  of  the 
response  match  between  equivalent  and  actual  aircraft  shall  be  agreed 
upon  by  the  contractor  and  the  procuring  activity. 

3.1.10  Quality  Assurance 


3.1.10.1  Compliance  demonstration.  Compliance  with  the  quantita¬ 
tive  requirements  of  Section  3  shall  be  demonstrated  through  analysis. 
In  addition,  compliance  with  many  of  the  requirements  will  be  demon¬ 
strated  by  simulation,  flight  test,  or  both.  The  methods  for  demon¬ 
strating  compliance  shall  be  established  by  agreement  between  the  pro¬ 
curing  activity  and  the  contractor.  Representative  flight  conditions, 
configurations,  external  store  complements,  loadings,  etc.,  shall  be 
determined  for  detailed  investigations  in  order  to  restrict  the  number 
of  design  and  test  conditions.  The  selected  design  points  must  be  suf¬ 
ficient  to  allow  accurate  extrapolation  to  the  other  conditions  at  which 
the  requirements  apply. 

a)  Analysis.  The  analytical  methods,  procedures,  assumptions, 
etc.,  applied  shall  be  made  available  to  the  procuring  activity.  In 
some  instances  (e.g.,  control  power)  compliance  may  be  demonstrated  par¬ 
tially  or  wholly  by  analysis  when  the  analytical  model  is  validated  with 
flight  test  data  and  approved  by  the  procuring  activity.  In  other 
instances  (e.g.,  control  in  turbulence)  analysis  will  provide  informa¬ 
tion  on  specific  test  conditions  requiring  simulation,  flight  test,  or 
both. 


b)  Simulation.  The  danger,  extent  or  difficulty  of  flight  testing 
may  dictate  simulation  rather  than  flight  test  to  evaluate  some  condi¬ 
tions  and  events,  such  as  the  influence  of  Severe  disturbances,  events 
close  to  the  ground  (except  3. 2. 8. 4  shall  be  demonstrated  in  flight), 
combined  Failure  States  and  disturbances,  etc.  In  addition,  by  agree¬ 
ment  with  the  procuring  activity,  piloted  simulation  shall  be  performed 
before  first  flight  of  a  new  aircraft  design  in  order  to  demonstrate  the 
suitability  of  the  handling  qualities,  and  also  to  demonstrate  compli¬ 
ance  with  qualitative  requirements  in  atmospheric  disturbances.  Where 
simulation  is  the  ultimate  method  of  demonstrating  compliance  for  a 
requirement,  the  simulation  model  shall  be  validated  with  flight  test 
data. 


c)  Flight  test.  The  required  flight  tests  will  be  defined  by  oper¬ 
ational,  technical,  and  safety  considerations  as  decided  jointly  by  the 
procuring  activity,  the  test  agency,  the  contractor,  and  other  involved 
agencies  using  results  from  3.1.10.1a  and  3.1.10.1b.  It  is  expected 
that  flight  test  demonstration  of  the  requirements  in  calm  air  and 
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selected  requirements  In  at  least  Moderate  turbulence  will  be  accomp¬ 
lished  to  Insure  that  flying  quality  degradations  are  not  excessive. 


3.1.10.2  Design  and  test  conditions.  Table  3  specifies  general 
guidelines,  but  the  peculiarities  of  the  specific  aircraft  design  may 
require  additional  or  alternate  test  conditions. 

a)  Terms  specified  in  Table  3  such  as  "heaviest  weight"  and 
"greatest  moment  of  inertia"  mean  the  heaviest  and  great¬ 
est  consistent  with  3.1.1  and  3.1.2.  When  a  critical 
center-of-gravity  position  is  identified,  the  aircraft 
weight  and  associated  moments  of  inertia  shall  correspond 
to  the  most  adverse  service  loading  in  which  that  critical 
center-of-gravity  position  is  obtained. 

b)  Terms  specified  in  Table  3  such  as  "most  forward  c.g."  and 
"most  aft  c.g."  mean  the  most  forward  or  most  aft  consis¬ 
tent  with  3.1.1.  When  a  critical  weight  or  moment  of 
inertia  is  identified,  the  center-of-gravity  position 
shall  correspond  to  the  most  adverse  service  loading  in 
which  that  critical  weight  or  moment  of  inertia  is  ob¬ 
tained. 

c)  For  terminal  Flight  Phases,  it  will  normally  suffice  to 
examine  the  selected  Aircraft  States  at  only  one  altitude 
below  10,000  feet  (low  altitude).  For  nonterminal  Flight 
Phases,  it  will  normally  suffice  to  examine  the  selected 
Aircraft  States  at  one  altitude  below  10,000  feet  or  at 
the  lowest  operational  altitude  (low  altitude),  the  maxi¬ 
mum  operational  altitude  (hQ  ),  and  one  intermediate 
altitude.  When  the  maximum  operational  altitude  is  above 
40,000  feet  or  when  stability  or  control  characteristics 
vary  rapidly  with  altitude,  more  intermediate  altitudes 
than  specified  in  Table  3  shall  be  investigated.  When  the 
Service  Flight  Envelope  extends  far  above  or  below  the 
Operational  Flight  Envelope,  the  service-altitude  extremes 
must  be  considered. 
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TABLE  3  (Appendix  B) .  DESIGN  AND  TEST  CONDITION  GUIDELINES 


REQUIREMENT 

NUMBER 

TITLE 

CRITICAL 

LOADING 

LOAD 

FACTOR 

— 

ALTITUDE 

SPEED 

FLIGHT 

PHASE 

Section  3.2 

HANDLING  QUALITf  REQUIRE- 

MENTS  FUK  PITCH  AXIS 

3.2.1 

Response  to  Pitch 
Controller 

Host  forward  c.g.  t 
and  most  aft  c.g.  § 

1. 

0 

h°aln*h*#diu"‘ 

h®M« 

Vain  to  VM, 

•.CR.RT.PA 

L,CT 

3.2.2 

Pilot-Induced  Oscilla¬ 
tions 

Minimum  permis¬ 
sible  to  maximum 
permissible 

3.2.3 

Residual  Oscillations 

1 

0 

Vo.ln  t0  V®a,, 

* 

PA 

3.Z.7.2 

Response  to  failures 

All 

"".In  *"d  h«*x 

vmin  to 

- 

3.2.7. 3 

Response  to  configura¬ 
tion  or  control  mode 
chinge 

1. 

0 

W  "aiu"- 

"OlMX 

3.2.7. 4 

Response  to  stores 
release 

l>o(-)  t® 

"<>(*) 

»®aln  td  V°«, 

C0.GA.HD, 

AD 

3.2.7. 5 

Response  to  armament 
delivery 

• 

RT 

3.2. 7.6 

Response  to  buffet 

3.2.8. 1 

Control  power  in 
unaccelerated  flight 

Host  forward  c.g. 

1 

0 

«.ln  t 

0  VMI 

- 

- 

3. 2. 8. 2 

Control  power  in 
maneuvering  flight 

Host  forward  c.g.  t 

As  required 

*®a„  t0 

CO.GA.AR , 
TF.CR.PA 

3. 2. 8.3 

Control  power  for 
takeoff 

Host  forward  c.g. 
(nose-wheel ),  most 
aft  c.g.  (tail-wheel 
aircraft) 

1 

0 

Low 

As  required 

TO 

3. 2. 8.4 

Control  power  for 
landing 

Host  forward  c.g. 

1 

0 

Low 

V,(L)  or 
geometric  limit 

3. 2.8. 5 

Control  power  for 
other  conditions 

„ 

An 

*9mi/»'h 

neoum, 

9ma» 

All 

- 

3.2. 9.1 

Steady-state  control 
force  per  g 

Host  forward  c.g.  t 
and  most  aft  c.g.  § 

n(- 

n( 

to 

♦) 

*mtn  t0  vma* 

•.RT.CR.PA 

L.CT 

3. 2.9.2 

Transient  control  force 
per  g 

Host  aft  c 

9*  § 

1 

0 

- 

- 

3.2.9. 3 

Control  force  variations 
during  rapid  speed 
charges 

As  required 

*0..®  t0 
and  transonic 

CO.GA.DE 

3.2.9.4.I 

Control  force  vs. 
defection  --  steady- 
state  gradient 

Most  forward  c.g.  ♦ 

"o<- 

"o 

)  to 
♦) 

*aln  t 

0  *xw. 

*, RT.CR.PA, 
L.CT 

3. 2. 9.4. 2 

Transient  control  force 
vs.  defection 

Host  aft  c 

g.  § 

■ 

0 

“ 

3.2.9. 5 

Control  centering  and 
breakout  forces 

0 

)  to 
♦) 

hn  .  and  hfl  „ 
°min  °mai 

3. 2.9.6 

Free  play 

i 

3. 2. 9.7.1 

Force  limits  —  takeoff 

Host  forward  c.g. 
and  most  aft  c.g. 

As  required 

Low 

0  to  V^To) 

TO.CT 

t  Combined  xicn  heaviest  weight.  §  Combined  with  ligntest  weight. 

*  All  applicable  Category  A  Flight  Phases.  —  ho  general  guidance  can  be  provided. 

“A*  required"  --  flight  conditions  are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 


TABLE  3  (Continued) 


REQUIREMENT 

NUMBER 


CRITICAL 

LOADING 


LOAD 

FACTOR 


FLIGHT 

PHASE 


3.2. 9.7.2 

3.2. 9.7.3 

3.2. 9.7.4 

3.2. 9.7. 6 

3.2.9. 7.7 

3.2. 9. 8 

3.2. 9.8.1 

3.2. 9.8.2 

3.2.9. 8.3 

3.2.10.1 

3.2.10.2 

3.2.10.3 


Force  limits  —  landing 


Force  limits  —  dives: 
SFE 


Host  forward  c.g. 


Host  forward  c.g.  t 
and  most  aft  c.g.  § 


1.0 

As  required 


PFE 


Force  limits  — 
Sideslips 

Force  limits  — 
fai lures 

Force  limits  —  con¬ 
figuration  or  control 
mode  charge 

Trim  systems 


Trim  systems  —  rate 
of  operation 


Trim  systems  —  stall¬ 
ing  of  trim  systems 


Trim  systems  — 
irreversibi lity 


Control  displacements  — 
takeoff 


Control  displacements  — 
maneuvering 


Control  displacements  — 
gust  regulation 


1.0 

All 

1.0 


2000  ft  NSl 
to  *max 

As  required 


S.!.-  J"""* 


Host  forward  c.g. 
and  most  aft  c.g. 


Host  forward  c.g.  t 


Host  forward  c.g. 
and  most  aft  c.g. 


°max 

and 

'°max 


”°MX 


°"ir. 


ML)  or 
geonecrlc  I1.lt 

V.t„  to  Vux 


*K»T  to  maximum 
permissible 

*m1n  to  VMX 
vmin  to  VMX 


As  required 


As  required 


As  required 


n(-)  to 
n(.) 

to 

"„(♦) 


hW' *d,u,•• 

h°,«x 


As  required 

Start  of  dive 
recovery  to 
V(MX 

v*1n  to 
0  to  WTO) 
vmin  to  VNX 


D.E0,C0. 

CR.GA 


C0,CR,PA,l 


D.EO.CO, 

GA 


D.EO.CO, 

CR 


TO.CT 


*,RT,CR,PA, 

L.CT 


SECTION  3.3 


HANDLING  QUALITY  REQUIRE¬ 
MENTS  FOR  VERTICAL  FLIGHT 
PATH  AXIS 

Response  to  attitude 
change  —  steady-state 
response 


h°n,1  „ 

"<>IMX 


v  <0."in  *"dkt 
*°mi  n  5  “ 


HANDLING  QUALITY  REQUIRE- 
HENTS  FOR  LONGITUDINAL 
AXIS 

Response  to  Attitude 
Changes 


Relaxation  in  transonic 
flignt 


Host  aft  c.g. 


^min  to  VMX 


Transonic 


C0,RR,FF,CR 
L0.RT.A1 1 
Category  C 

CO 


HANDLING  QUALITY  REQUIRE¬ 
MENTS  FUR  ROLL  AXIS 


Rol I  Response  to  Rol 1 
Control ler 


1.0  and 

"of*) 


hw 


*.CL .CR.LU, 
RT.DE.PA.L 


f  Combined  with  heaviest  weight.  g  Combined  with  lightest  weight. 

*  AM  applicable  Category  A  Flignt  Phases.  —  No  general  guidance  can  be  provided. 

“As  required"  --  flight  conditions  are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 
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TABLE  3  (Continued) 


ACQUIREMENT 

NUMBER 


CRITICAL 

loading 


LOAD 

FACTOR 


ALTITUOC 


SPEED 


FLIGHT 

PHASE 


3.5.2 

3.5.4 

3.5.6 

3.5.7 

3.5.8.1 

3.5. 8.2 

3. 5.8.3 

3. 5. 8. 4 

3.5.8.5 

3.5.9. 1 

3. 5. 9. 2 

3.5. 9.3 

3.5.9.4 

3. 5.9. 5 

3. 5.9.6 

3. 5. 9.7 

3.5. 9.8 

3.5.10.1 

3.5.10.2 

3.5.10.3 

3.5.10.4 


Pilot- Induced  Oscilla¬ 
tions 


Linearity  of  Rot  I 
Response  to  Roll  Con¬ 
troller 

Roll  Response  to  Yaw 
Control ler 

Roll  Control  for  Takeoff 
and  Landing  In  Crosswinds 

Response  to  asyometrlc 
thrust 

Response  to  failures 

Response  to  configura¬ 
tion  or  control  node ' 
change 

Response  to  stores 
release 

Response  to  armanent 
delivery 

Control  power  -  response 
to  roll  control  Inputs 


Control  power  -  steady 
sideslips 

Control  power  -  cross- 
winds 

Control  power  -  engine 
failures 

Control  power  -  dives 
and  pullouts 

Control  power  -  stores 
release 

Control  power  -  two 
engines  Inoperative 

Control  power  for  other 
conditions 

Wheel  control  displace¬ 
ments 


Forces  to  achieve 
required  roll  rates 


Greatest  rolling 
moment  of  inertia 


Lightest  weight 


Lightest  weight 


Sensi ti vlty 


Breakout  and  centering 
forces 


Greatest  and  smallest] 
rolling  moments  of 
inertia 

Lightest  weight 


Lightest  weight 


Lightest  weight 


Greatest  rolling 
moment  of  Inertia 


Greatest  and  smallest! 
rol ling  mcnents  of 
inertia 

Smallest  rolling 
moment  of  inertia 


Minimum  permis¬ 
sible  to  maximum 
permissible 

As  required  (not 
above  0.8nL) 

1.0 


1.0 

All 

1.0 


"of-)  to 
no(*) 


As  required 
(not  above 
0.8  nL) 

1.0 

As  required 

1.0 

As  required 

"»(-,)  w 
1.0 

All 


As  required 
(not  aoove 
0,8nL) 


"!>(-)  tO 
».(♦) 


hW  "*d1u*‘ 


°max 


Low 

All 

ho„tn  a"d  hote, 
h0sl  medlun,, 
hO|M» 


"01UX 


As  required 
vm1n  t0  ax 

I 

vm1n  L0  vmax 


Low 


°min 


2000  ft  MSL 
to  h_. y 


°min 


,  medium. 
h°max 


"o.in-  nedtum' 


©max 


As  required 
Oown  to  Vmin(TU) 
VMAT  t0  Vmax 

1  Vix 

Grange  t1  an<* 
2  engines  out) 

All 

Vmin  *°  vmax 


C0.GA.TF.CL, 

CK,T0,CT 


CU.CR.PA.L 
Taxi, TO. L 


C0.GA.TF.CL, 

CR.T0.CT 


CO, GA, W0, AO 
*,RT 

As  required 

CU.CR.PA.L 

TO.L.PA 

»0,CT 

0.E0 

CO.GA.WD.AD 


CO.GA.AR.TF, 

CR.GA.L 


^min  vmax 


f  Combined  with  heaviest  weight. 

*  All  applicable  Category  A  Flight 
"As  required"  —  flight  conditions 


§  Combined  with  lightest  weignt. 

Phases.  —  No  general  guidance  can  be*  provided. 

are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 
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TABLE  3  (Continued) 


REQUIREMENT 

NUMBER 

TITLE 

CRITICAL 

LOADING 

— 

LOAO 

FACTOR 

ALTITUDE 

SPEED 

FLIGHT 

PHASE 

3.5.10.5 

Free  play 

- 

- 

"«(-)  to 
%(*) 

ho*in  *"d 

Ymin  to  V,pjx 

- 

3.5.10.6.1 

Force  limits  -  steady 
turns 

As  required 

1 

h0(.ifl.  medium, 
"©max 

Vo.i„ 

CU.CR.L0.PA 

3.5.10.6.2 

Force  limits  -  dives 
and  pul  louts 

2000  ft  MSL  to 
hmax 

VMAT  t0  '»< 

0,ED 

3.5.10.6.3 

Force  limits  -  cross- 
winds 

1 

0 

Low 

1 

As  required 

T0,L 

1 

3.5.10.6.4 

Force  limits  -  steady 
sideslips 

''min  ‘0  Vu„ 

1 

3.5.10.6.5 

Force  limits  -  engine 
failures  after  takeoff 

Lightest  weight 

h°min*h 

n 

medium, 

°max 

»«tn(T0)  to 
‘•%in 

CR,T0,CT 

SECTION  3.6 

HANDLING  DUALITY  RtgUlRE- 
F-  NTS  FOR  YAW  AXIS 

3. 6.1. 1.1 

Equi»vlent  systems 
requirement  -  transient 
response 

Greatest 
moment  of 

rol ling 
inertia 

1.0  and  n0(e) 

"‘’"'"'ii 

medium, 

°max 

Ymin  t 

O  w 

*,CR,RT,PA,L 

3.6. 1.1. 2 

Equivalent  systems 
requirement  -  steady- 
state  response 

Lightest  weight 

1 

0 

C0,CR,rA,L 

3.6. 2.1 

Yaw  response  to  roll 
controller  -  coordina¬ 
tion  in  turn  entry  and 
exit 

Greatest  yawing  and 
rolling  moments  of 
inertia 

*,CR ,PA,L 

3.6. 2.2 

Pilot-induced  oscilla¬ 
tions 

- 

- 

Minimum  permissi¬ 
ble  to  maximum 
permissible 

MSL  to  hM, 

" 

3.6.3 

Yaw  Control  for  Takeoff 
and  Landing  in  Cross- 
winds 

* 

* 

1.0 

Low 

As  required 

TO.L.Taxi 

3.6. 4.1 

Response  to  asymmetric 
thrust 

Lightest 

weight 

1 

0 

n°min 

o  to  WT“) 

TU.CT 

All 

^min  t0  vraax 

CO.GA.TF.CR 

CL.TO.CT 

h°min-h 

nedium, 

°max 

l-^min 

CR 

3. 6. 4. 2 

Response  to  failures 

- 

- 

All 

vm1n  t0  vmax 

-- 

3.6. 4. 3 

Response  to  conf iguration 
or  control  mode  change 

- 

1 

0 

medium, 

°max 

vmin  t0  vmax 

- 

3. 6. 4. 4 

Response  to  stores 
release 

"o(- 

n0 

)  to 
(♦> 

V°min  1 

0  'o», 

CO, GA, WO, AD 

3.6. 4.5 

Response  to  armament 
dell  very 

- 

- 

1 

*,RT 

3.6.5. 1 

Control  power  -  takeoff, 
landing,  and  taxi 

- 

- 

As  required 

Low 

®  ^  WTU> 

PA, TO.L.Taxi 

3.6. 5. 2 

Control  power  -  two 
engines  inoperative 

Lightest  weignt 

1 

0 

h°"*1n’h 

medium, 

°max 

Grange  O  and 

2  engines  out) 

“ 

*  All  applicable  Category  A  Flight  Phases.  —  No  general  guidance  can  be  provided. 

•As  required"  —  flight  conditions  ire  specified  In  requirement  or  are  determined  by  nature  of  test  maneuver. 
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TABLE  3  (Concluded) 


REQUIREMENT 

NUMBER 

TITLE 

Control  power  -  asym¬ 
metric  loading 

Yaw  Axis  Control  Forces 

3.6.6. 1 

Force  linearity 

3.6.6.2.1 

Force  limits  -  rolling 
maneuvers 

3.6.6. 2.2 

Force  limits  -  steady 
turns 

3.6. 6.2.3 

Force  limits  -  speed 
changes 

3.O.6. 2. 4 

Force  limits  -  cross- 
winds 

3. 6. 6. 2.5 

Force  limits  -  asym¬ 
metric  loading 

3. 6. 6. 2. 6 

Force  limits  •  dives 
and  pullouts 

3. 6.6.2. 7 

Force  limits  -  go- 
arounds 

3.6. 6.2.8 

Force  limits-asyxwetric 
thrust 

3.6.6. 2.9 

Force  limits  -  failures 

3.6.6.2.10 

Force  limits  -  configura¬ 
tion  or  control  mode 
changes 

SECTION  3.8 

HANDLING  QUALITY  REQUIRE¬ 
MENT  FOR  CQMftlNEO  ALES 

3.8.1 

Cross-Axis  Coupling  in 

Roll  Maneuvers 

3,8.2 

Crosstalk  Between  Pitch 
and  Roll  Controllers 

3.8.3 

Control  Harmony 

3.8.4 

Flight  at  Hign  Angle 
of  Attack 

CRITICAL 

LOADING 


LOA" 

FACTOR 


ALPTUOE 


SPEED 


FLIGHT 

PHASE 


Lightest  weight 

Greatest  rolling 
moment  of  Inertia 


Llgntest  weight 


1.0 

(!„(-)  to 
1.0 

As  required 


1.0 

1.0 


As  required 

1.0 


All 

1.0 


W 

nn _ 


max 


°min 


Low 

,  medium, 
h°max 
2000  ft  MSL  to 


°min 


h-  and  h. 
°«in  °max 


°min . 

».tn  t0  *. 

As  required 


Vo.,n  10  *<W 


TO  V_. 


tWpA)  * 

landing  speed 
0  to  Vwx(T0) 


°min 


,  medium. 
h°max 


CO.GA.CR.O. 

PA.L 


*,CR,PA,L 


CO, CR, PA.L 

CO.GA.AR.TF, 

CR.PA.L 

CO.CR.LO.PA 


CO.GA.CR.O, 

PA.L 


TO.L 


0.C0 


TO.CT 


0m1nV 


°max 


n0(-)  to 

n0(*) 


CO.GA.AR.TF 


See  NIL-S-83691  or  NlL-D-8708,  whichever  Is  applicable  for  flight  demonstration. 

More  severe  conditions  generally  will  be  Investigated  by  analysis  and  model  testing. 


*  All  applicable  Category  A  Flight  Phases.  —  No  general  guidance  can  be  provided. 

"As  required"  flight  conditions  are  specified  in  requirement  or  are  determined  by  nature  of  test  maneuver. 


3.2 


HANDLING  QUALITY  REQUIREMENTS  FOR  PITCH  AXIS 


3.2.1  Pitch  Attitude  Response  to  Pitch  Controller 

3. 2. 1.1  Pitch  axis  equivalent  systems  requirements.  The  equivalent 
parameters  describing  the  responses  of  pitch  rate  and  normal  load  factor 
(at  the  center  of  rotation)  to  a  pitch  control  force  input  shall  have 
the  characteristics  specified  by  Table  4. 

1)  Short  term  response 


1_  _  Kei8  +  (1/Tft2)]e  69 

Fs  S2  +  2CSPU18PS  + 

Ffl  S2  +  2  UgpS  +  Ugp 

Notes: 


a)  The  equivalent  systems  are  to  be  obtained 
from  simultaneous  matching  of  the  6/Fs  and 
nz/?a  higher  order  system  responses  over  a 
frequency  range  of  approximately  0.1  to 
10  rad/sec. 

b)  n'z  is  normal  acceleration  as  measured  at  the 
aircraft  center  of  rotation. 

2.  Long  term  response 


9_  _  M8  4-  (1/TQi)] 

Fs  s2  +  2cp(i^s  + 


Note:  While  a  lower  order  equivalent  system 
match  could  be  used,  the  parameter  is  the  only 
one  specified  and  it  can  be  generally  calculated 
directly  from  a  time  response. 

Mismatch  in  terms  of  amplitude  and  phase  angle  for  the  short-term  pitch 
rate  response  shall  be  compared  with  the  envelopes  of  Figure  1  for  Cate¬ 
gory  A  and  C  Flight  Phases.  For  any  cases  that  fall  outside  these 
envelopes  the  requirements  of  3. 2. 1.2  shall  apply. 
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Frequency (rad/sec) 


Frequency  (rad/sec) 


Figure  1  (Appendix  B) .  Envelopes  of  Allowable  Mismatch  (Fitch  Rate  Response) 
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TABLE  4  (Appendix  B) 

LOCATIONS  OF  REQUIREMENTS  FOR  PITCH  RESPONSE 
TO  PITCH  CONTROLLER 


TABLE  6  (Appendix  B) 

EQUIVALENT  SHORT-PERIOD  DAMPING  RATIO  LIMITS 


LEVEL 

CATEGORY 

FLIGHT 

A  AND  C 
PHASES 

CATEGORY  B 

FLIGHT  PHASES 

MINIMUM 

MAXIMUM 

MINIMUM 

MAXIMUM 

1 

0.35 

1.30 

0.30 

2.00 

2 

0.25 

2.00 

0.20 

2.00 

3 

T2  >  6  sec* 

— 

T2  >  6  sec* 

— 

*In  the  presence  of  one  or  more  other  Level  3 
flying  qualities,  5sp  shall  be  at  least  0.05 
unless  flight  safety  is  otherwise  demonstrated 
to  the  satisfaction  of  the  procuring  activity. 
T2  applies  to  the  value  of  an  unstable  first- 
order  short-period  root 


TABLE  7  (Appendix  B) 
LIMITS  ON  AIRCRAFT  RESPONSE  DELAY, 


LEVEL 

ALLOWABLE  DELAY  (sec) 

1 

0.10 

2 

0.20 

3 

0.25 

xe  is  the  greater  of  ieg  or  tgn 
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1.0  10  100 

n/a  (g/rad) 


c)  Category  C  Flight  Phases 


Figure  2.  Concluded 
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3.2. 1.2  Pitch  axis  bandwidth  requirements.  For  any  equivalent 
system  of  3. 2. 1.1  with  mismatch  outside  the  envelopes  of  Figure  1,  the 
bandwidth  of  the  open-loop  p'tch  attitude  response  to  pitch  controller 
shall  meet  the  requirements  of  Figure  3. 

3.2.2  Pilot-induced  pitch  oscillations  —  qualitative  requirement. 
There  shall  be  no  tendency  for  pilot-induced  oscillations,  that  is,  sus¬ 
tained  or  uncontrollable  oscillations  resulting  from  the  efforts  of  the 
pilot  to  control  the  aircraft.  The  pitch  attitude  response  dynamics  of 
the  airframe  plus  control  system  shall  not  change  abruptly  with  the 
motion  amplitudes  of  pitch,  pitch  rate  or  normal  acceleration  unless  it 
can  be  shown  that  this  will  not  result  in  a  pilot-induced  oscillation. 

3.2.3  Residual  Pitch  Oscillations.  Any  sustained  residual  oscilla¬ 
tions  in  calm  air  shall  not  interfere  with  the  pilot's  ability  to  per¬ 
form  the  tasks  required  in  service  use  of  the  aircraft.  For  Levels  1 
and  2,  oscillations  in  normal  acceleration  at  the  pilot's  station  grea¬ 
ter  than  ±0.02  g  will  be  considered  excessive  for  any  Flight  Phase. 
These  requirements  shall  apply  with  the  pitch  control  fixed  and  with  it 
free. 


3.2.4  Vertical  Acceleration  at  Pilot  Station.  Vertical  accelera¬ 
tion  at  the  pilot  station  due  to  pitch  control  inputs  shall  not  be 
objectionable  to  the  pilot. 

3.2.5  Pitch  Axis  Response  to  Secondary  Controllers.  The  pitch 
attitude  response  to  a  rapid  change  in  secondary  cockpit  flight  control 
(throttle,  DLC,  etc.)  shall  not  be  objectionable  to  the  pilot. 


3.2.6  [Reserved] 

3.2.7  Pitch  Axis  Response  to  Other  Inputs 

3.2.7. 1  Pitch  axis  response  to  auxiliary  controls.  The  pitch 
response  to  any  auxiliary  control  shall  not  be  objectionable  to  the 
pilot. 


3 . 2 . 7 . 2  Pitch  axis  response  to  failures 

a)  Closed-Loop:  The  pitch  attitude  motions  following  sudden 
aircraft  system  or  component  failures  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective 
action.  A  time  delay  of  at  least  1  sec  between  the 
failure  and  initiation  of  pilot  corrective  action  shall  be 
incorporated  when  determining  compliance.  No  single  fail¬ 
ure  of  any  component  or  system  shall  result  in  Level  3 
pitch-axis  flying  qualities;  Special  Failure  States 
(1.6.3)  are  excepted.  The  crew  member  concerned  shall  be 
provided  with  immediate  and  easily  interpreted  indications 
whenever  failures  occur  that  require  or  limit  any  flight 
crew  action  or  decision. 
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LEVEL  3 


LEVEL  2 


LEVEL  / 


4  6  8 

oj0w(rad/sec) 


a  J  Category  A  Flight  Phases 


)f-  LEVEL  3 


LEVEL  2 


\ 

\ 

LEVEL  /  V 


2  3  4  5 

wBW{ rad /sec ) 


b)  Category  C  Flight  Phases 

Figure  3  (Appendix  B) .  Bandwidth  Requirements 
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b)  Open-Loop:  With  controls  free,  the  aircraft  motions  due 
to  partial  or  complete  failure  of  the  augmentation  system 
shall  not  exceed  the  following  limits  for  at  least 
2  seconds  following  the  failure: 

Levels  1  and  2  (after  failure):  ±0.5  g  incremental  normal 
acceleration  at  the  pilot's  station,  except  that  neither 
stall  angle  of  attack  nor  structural  limits  shall  be 
exceeded.  In  addition,  for  Category  A,  vertical  excur¬ 
sions  of  5  feet. 

Level  3  (after  failure):  No  dangerous  attitude  or  struc¬ 
tural  limit  is  reached,  and  no  dangerous  alteration  of  the 
flight  path  results  from  which  recovery  is  impossible. 

3. 2. 7. 3  Pitch  axis  response  to  configuration  or  control  mode 
change .  The  transient  motions  and  trim  changes  resulting  from  the 
intentional  engagement  or  disengagement  of  any  portion  of  the  primary 
flight  control  system  by  the  pilot  shall  be  such  that  dangerous  flying 
qualities  never  result.  With  controls  free,  the  motion  transients 
resulting  from  these  situations  shall  not  exceed  the  following  limits 
for  at  least  2  seconds  following  the  transfer:  ±0.05  g  normal  accelera¬ 
tion  at  the  pilot's  station.  These  requirements  apply  only  for  Aircraft 
Normal  States  (1.6.1). 

3. 2. 7. 4  Pitch  axis  response  to  stores  release.  The  intentional 
release  of  any  stores  shall  not  result  in  objectionable  flight  charac¬ 
teristics  for  Levels  1  and  2.  However,  the  intentional  release  of 
stores  shall  never  result  in  dangerous  or  intolerable  flight  character¬ 
istics.  This  requirement  applies  for  all  flight  conditions  and  store 
loadings  at  which  normal  or  emergency  store  release  is  structurally  per¬ 
missible. 


3. 2. 7. 5  Pitch  axis  response  to  armament  delivery.  Operation  of 
movable  parts  or  firing  of  weapons  shall  not  cause  buffet,  trim  changes, 
or  other  characteristics  which  impair  the  tactical  effectiveness  of  the 
aircraft  under  any  pertinent  flight  conditions.  These  requirements 
shall  be  met  for  Levels  1  and  2. 

3. 2. 7. 6  Buffet .  Within  the  boundaries  of  the  Operational  Flight 
Envelope,  there  shall  be  no  objectionable  buffet  which  might  detract 
from  the  effectiveness  of  the  aircraft  in  executing  its  intended  mis¬ 
sions. 


3.2.8  Pitch  Axis  Control  Power 


3 . 2 . 8 . 1  Pitch  axis  control  power  in  unaccelerated  flight.  In 
steady  1  g  flight  at  all  service  altitudes,  the  attainment  of  all  speeds 
between  Vg  and  Vm  shall  not  be  limited  by  the  effectiveness  of  the 
longitudinal  control  or  controls. 
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3. 2.8. 2  Pitch  axis  control  power  in  maneuvering  flight.  Within 
the  Operational  Flight  Envelope,  it  shall  be  possible  to  develop,  by 
use  of  the  pitch  control  alone,  the  following  range  of  load  factors: 

Levels  1  and  2:  nQ(-)  to  nQ(+) 

Level  3:  n  -  0.5  g  to  the  lower  of: 

a)  nQ(+) 

b)  n  ■  2.0  for  nQ(+)  <  3  g 

0.5  [nQ(+)  +  1]  for  nQ(+)  >  3  g 

This  maneuvering  capability  is  required  at  constant  altitude  at  the  1  g 
trim  speed  and,  with  trim  and  throttle  settings  not  changed  by  the  crew, 
over  a  range  about  the  trim  speed  the  lesser  of  ±15  percent  or  ±50  kt 
equivalent  airspeed  (except  where  limited  by  the  boundaries  of  the  Oper¬ 
ational  Flight  Envelope). 

3. 2. 8. 3  Pitch  axis  control  power  in  takeoff.  The  effectiveness  of 
the  pitch  control  shall  not  restrict  the  takeoff  performance  of  the  air¬ 
craft.  Satisfactory  takeoffs  shall  not  be  dependent  upon  use  of  the 
trimmer  control  during  takeoff  or  on  complicated  control  manipulation  by 
the  pilot.  It  shall  be  possible  to  obtain  and  maintain  the  following 
attitude  during  the  takeoff  roll: 

•  The  pitch  attitude  at  °*9  'min  that  will  result 
in  a  liftoff  at  Vmin* 

These  requirements  shall  be  met  on  hard  surface  runways  and  on  debris- 
strewn  or  shell-damaged  runways. 

[This  requirement  regulates  against  tailwheel  airplanes]. 

3. 2. 8. 4  Pitch  axis  control  power  in  landing.  The  pitch  control 
shall  be  sufficiently  effective  in  the  landing  Flight  Phase  in  close 
proximity  to  the  ground  so  that  during  landing  flare  and  rollout  with 
the  aircraft  trimmed  for  the  minimum  recommended  approach  speed  not  to 
exceed  1.3  Vg(L): 

•  The  geometry  limited  touchdown  attitude  can  be  achieved  at 
touchdown. 

•  The  guaranteed  minimum  landing  speed  can 

achieved  when  flaring  from  shallow  (y  •  -v3°)  and  steep 
(Y  *  -6°)  approaches. 

•  The  nosewheel  can  be  gently  lowered  to  the  ground  at 
speeds  down  to  ®*9  Vmin^^* 
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3. 2. 8. 5  Pitch  axis  control  power  for  other  conditions.  Control 
authority,  rate  and  hinge  moment  capability  shall  be  sufficient  to 
assure  safety  throughout  the  combined  range  of  all  attainable  angles  of 
attack  (both  positive  and  negative)  and  sideslip.  This  requirement 
applies  to  the  prevention  of  loss  of  control  and  to  recovery  from  any 
situation  for  all  maneuvering,  including  pertinent  effects  of  factors 
such  as  regions  of  control-surface-fixed  instability,  inertial  coupling, 
fuel  slosh,  the  influence  of  symmetric  and  asymmetric  stores,  stall/ 
post-stall/spin  characteristics,  atmospheric  disturbances  and  Aircraft 
Failure  States  (maneuvering  flight  appropriate  to  the  Failure  State  is 
to  be  Included).  Consideration  shall  be  taken  of  the  degrees  of  effec¬ 
tiveness  and  certainty  of  operation  of  limiters,  c.g.  control  malfunc¬ 
tion  or  mismanagement,  and  transients  from  failures  in  the  propulsion, 
flight  control  and  other  relevant  systems. 

3.2.9  Pitch  Axis  Control  Forces 


3.2.9. 1  Pitch  axis  control  forces  —  steady-state  control  force 

Per  &• 

a)  Control  Feel  and  Stability  in  Maneuvering  Flight  at  Con¬ 
stant  Speed.  In  steady  turning  flight  and  in  pullups  and 
pushovers  at  constant  speed,  for  Levels  1  and  2  there 
shall  be  no  tendency  for  the  aircraft  pitch  attitude  or 
angle  of  attack  to  diverge  aperiodically  with  controls 
fixed  or  with  controls  free.  For  the  above  conditions, 
the  incremental  control  force  required  to  maintain  a 
change  in  normal  load  factor  and  pitch  rate  shall  be  in 
the  same  sense  (aft  -  more  positive,  forward  -  more  nega¬ 
tive)  as  those  required  to  initiate  the  change.  These 
requirements  apply  for  all  local  gradients  throughout  the 
range  of  service  load  factors  defined  in  1.5.2. 

b)  Control  Forces  in  Maneuvering  Flight.  At  constant  speed 
in  steady  turning  flight,  pullups  and  pushovers,  the  vari¬ 
ations  in  pitch  controller  force  with  steady-state  normal 
acceleration  shall  have  no  objectionable  nonlinearities 
within  the  following  load  factor  ranges: 


CLASS 

MIN. 

MAX. 

I,  II  &  III 

0.5 

0.5[no(+)  +  1]  or  3 

IV 

0 

Whichever  is  less 

Outside  this  range,  a  departure  from  linearity  result¬ 
ing  in  a  local  gradient  which  differs  from  the  average 
gradient  for  the  maneuver  by  more  than  50  percent  is 
considered  excessive,  except  that  larger  increases  in 
force  gradient  are  permissible  at  load  factors  grea¬ 
ter  than  0.85  n^.  The  local  force  gradients  shall  be 
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within  the  limits  of  Table  8  for  centerstick  controllers. 
In  addition,  Fg/n  should  be  near  the  Level  1  upper  bound¬ 
aries  of  these  gradients  for  combinations  of  high  fre¬ 
quency  and  low  damping.  The  term  gradient  does  not 
include  that  portion  of  the  force  versus  n  curve  within 
the  breakout  force. 

For  side  stick  controllers,  the  contractor  shall  show  that 
the  control  force  gradients  will  produce  suitable  flying 
qualities. 


TABLE  8  (Appendix  B).  PITCH  MANEUVERING  FORCE  GRADIENT 
LIMITS  -  CENTER  STICK  CONTROLLERS 


LEVEL 

MAXIMUM  GRADIENT 

(Fs/nW*  lb/8 

MINIMUM  GRADIENT 
<Fs/n>min»  lb/8 

i 

240/ (n/ a) 

but  not  more  than  28.0 
nor  less  than  56/(nL  -  1) 

The  greater  of 

21/ (n.  -  1) 
and  3.0 

2 

360/ (n/  a) 

but  not  more  than  42.5 
nor  less  than  85/ (nL  -  1) 

The  greater  of 
18/(nL  -  1) 
and  3.0 

3 

56.0 

The  greater  of 

12/ (n.  -  I) 
and  2.0 

*For  nT  <  3,  (F  /n)_av.  is  28.0  for  Level  I,  42.5  for  Level  2. 

Li  S  lUo.  X 


3 . 2 . 9 . 2  Pitch  axis  control  forces  —  transient  control  force  per  g. 
The  buildup  of  control  force  during  the  maneuver  entry  must  not  lag  the 
buildup  of  normal  acceleration  at  the  pilot's  location.  In  addition, 
the  frequency  response  of  normal  acceleration  at  the  pilot  station  to 
pitch  control  force  input  shall  be  greater  than  the  following  for  all 
frequencies  greater  than  1.0  rad/sec.  Units  are  pounds  per  g. 


Level  1  Level  2  Level  3 

_  14  12  8 

nL  ~  1  nL  ”  1  nL  -  1 
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3. 2. 9. 3  Pitch  axis  control  forces  —  control  force  variation*  dur¬ 
ing  rapid  speed  changes .  When  the  aircraft  la  accelerated  and  decel¬ 
erated  rapidly  through  the  operational  speed  range  and  through  the 
transonic  speed  range  by  the  most  critical  combination  of  changes  in 
power,  actuation  of  deceleration  devices,  steep  turns  and  pullups,  the 
magnitude  and  rate  of  the  associated  trim  change  shall  not  be  so  great 
as  to  cause  difficulty  in  maintaining  the  desired  load  factor  by  normal 
pilot  techniques. 

3. 2. 9. 4  Pitch  axis  control  forces  —  control  force  vs.  control 

deflection 


3. 2. 9. 4.1  Steady-state  control  force/deflection  gradient.  The 
average  gradient  of  pitch-control  force  per  unit  of  pitch-control 
deflection  at  constant  speed  shall  be  within  the  following  range  for 
Category  A  Flight  Phases. 


MINIMUM 

MAXIMUM 

Centerstick  controllers 

5  lb/in. 

No  data 

Sldestick  controllers 

1  lb/ in. 

2.5  lb/in. 

For  other  Flight  Phases,  the  gradient  shall  not  be  so  large 
or  so  small  as  to  be  objectionable. 


3. 2. 9. 4. 2  Transient  control  force  vs.  deflection  The  deflection  of 
the  pilot's  control  must  not  lead  the  control  force  throughout  the  fre¬ 
quency  range  of  pilot  control  Inputs.  In  addition,  the  peak,  pitch  con¬ 
trol  forces  developed  during  abrupt  maneuvers  shall  not  be  objectionably 
light. 


3. 2. 9. 3  Pitch  axis  control  forces  —  control  centering  and  breakout 
forces.  Longitudinal  controls  should  exhibit  positive  centering  in 
flight  at  any  normal  trim  setting.  Although  absolute  centering  is  not 
required,  the  combined  effects  of  centering,  breakout  force,  stability 
and  force  gradient  shall  not  produce  objectionable  flight  characteris¬ 
tics,  such  as  poor  precision-tracking  ability,  or  permit  large  depar¬ 
tures  from  trim  conditions  with  controls  free.  Breakout  forces,  includ¬ 
ing  friction,  preload,  etc.,  shall  be  within  the  limits  of  Table  9. 
These  values  refer  to  the  cockpit  control  force  required  to  start  move¬ 
ment  of  the  control  surface. 
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TABLE  9  (Appendix  B).  PITCH  AXIS  BREAKOUT  FORCES  (LB) 


CONTROL 

CLASSES  I,  II-C,  IV 

CLASSES  II-L,  III 

MINIMUM 

MAXIMUM 

MINIMUM 

MAXIMUM 

Centerstick 

1/2 

3 

1/2 

5 

Sidestick 

1/2 

1 

1/2 

1 

Values  for  Levels  1  and  2  (Upper  Limits  Doubled  for  Level  3) 


3. 2. 9. 6  Pitch  axis  control  forces  —  free  play.  The  free  play  (and 
possible  associated  hysteresis)  in  the  longitudinal  controller  shall  not 
result  in  objectionable  flight  characteristics,  especially  for  small 
amplitude  inputs. 


3. 2. 9. 7  Pitch  axis  control  force  limits 


3. 2. 9. 7.1  Pitch  axis  control  force  limits  —  takeoff .  With  the 
trim  setting  optional  but  fixed,  the  pitch-control  forces  required  dur¬ 
ing  all  types  of  takeoffs  for  which  the  aircraft  is  designed,  including 
short-field  takeoffs,  shall  be  within  the  following  limits:  for  center- 
stick  controllers,  30  pounds  pull  to  10  pounds  push;  for  sidestick  con¬ 
trollers  the  force  shall  not  be  objectionable  to  the  pilot.  The  term 
takeoff  Includes  the  ground  run,  rotation,  and  liftoff,  and  the  ensuing 
acceleration  to  V^^^  (TO).  Takeoff  encompasses  operation  in  both  the 
presence  and  absence  of  ground  effect.  Takeoff  power  should  be  main¬ 
tained  until  VM  (TO)  is  reached,  with  the  landing  gear  and  high-lift 
devices  retracted  in  the  normal  manner  at  speeds  from  VQ  tQ  v 

(TO). 


3. 2. 9. 7. 2  Pitch  axis  control  force  limits  —  landing.  The  pitch 
control  forces  for  landing  shall  be  less  than  35  pounds  pull  for  center- 
stick  controllers  for  the  recommended  approach  speed  and  fixed  trim 
settings.  For  sidestick  controllers  the  forces  shall  not  be  objection¬ 
able  to  the  pilot.  This  applies  in  both  presence  and  absence  of  ground 
effect. 


3. 2. 9. 7. 3  Pitchaxis  control  force  limits  —  dives 


Service  Flight  Envelope.  With  the  aircraft  trimmed  for  level  flight 
at  speeds  throughout  the  Service  Flight  Envelope,  the  control  forces  in 
dives  to  all  attainable  speeds  within  the  Service  Flight  Envelope  shall 
not  exceed  (a)  .  In  similar  dives,  but  with  use  of  trim  following 
the  dive  entry,  it  shall  be  possible  with  normal  piloting  techniques  to 
maintain  the  forces  within  the  following  limits:  (b)  . 
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Permissible  Flight  Envelope.  With  the  aircraft  trimmed  for  level 
flight  at  V^-  but  with  use  of  trim  optional  in  the  dive,  it  shall  be 
possible  to  maintain  the  pitch  control  force  within  the  following  limits 
in  dives  to  all  attainable  speede  within  the  Permissible  Flight  Enve¬ 
lope:  (c)  .  The  force  required  for  recovery  from  these  dives  shall 
not  exceed:  (d)  .  Trim  and  deceleration  devices,  etc.,  may  be  used 
to  assist  in  recovery  if  no  unusual  pilot  technique  is  required. 

Note:  Letters  in  blanks  correspond  to  values  in  Table  10. 


TABLE  10  (Appendix  B) 

FORCE  LIMITS  FOR  DIVES  AND  RECOVERY  FROM  DIVES 


REQUIREMENT 

NUMBER 

CONTROLLER 

FORCE  (lb) 

PUSH 

PULL 

(a) 

Centerstick 

50 

10 

Sidestick 

* 

* 

(b) 

Centerstick 

10 

10 

Sidestick 

* 

* 

(c) 

Centerstick 

50 

35 

Sidestick 

* 

* 

(d) 

Centerstick 

120 

120 

Sidestick 

* 

* 

Limits  for  sidestick  controllers  have  not  been 
established.  However,  the  forces  must  be  accept¬ 
able  to  the  pilot. 


3. 2. 9. 7. A  Pitch  axis  control  force  limits  —  sideslips.  With  the 
aircraft  trimmed  for  straight,  level  flight  with  zero  sideslip,  the 
pitch-control  force  required  to  maintain  constant  speed  in  steady  side¬ 
slips  with  up  to  50  pounds  of  pedal  force  in  either  direction,  or  in 
sideslips  as  specified  in  the  Operational  Flight  Envelope,  shall  not 
exceed  the  pitch-control  force  that  would  result  in  a  1  g  change  in 
normal  acceleration.  In  no  case,  however,  shall  the  pitch-control  force 
exceed  10  pounds  pull  or  3  pounds  push  for  centerstick  controllers.  For 
sidestick  controllers  the  forces  must  be  acceptable  to  the  pilot.  If  a 
variation  of  pitch-control  force  with  sideslip  does  exist,  it  is  pre¬ 
ferred  that  increasing  pull  force  accompany  increasing  sideslip,  and 
that  the  magnitude  and  direction  of  the  force  change  be  similar  for 
right  and  left  sideslips.  For  Level  3  there  shall  be  no  uncontrollable 
pitching  motions  associated  with  the  sideslips  discussed  above. 
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3. 2. 9. 7. 5  [Reserved] 


3. 2. 9. 7. 6  Pitch  axis  control  force  Units  —  failures.  The  change 
in  longitudinal  control  force  required  to  maintain  trim  pitch  attitude 
following  complete  or  partial  failure  of  the  augmentation  system  shall 
not  exceed  20  pounds  for  at  least  5  seconds  following  the  failure. 

3. 2. 9. 7. 7  Pitch  axis  control  force  limits  —  configuration  or  con¬ 
trol  mode  change.  The  control  force  changes  resulting  from  the  inten¬ 
tional  engagement  or  disengagement  of  any  portion  of  the  primary  flight 
control  system  by  the  pilot  shall  not  exceed  20  pounds  for  at  least 
5  seconds  following  the  mode  change. 

3. 2. 9. 8  Pitch  axis  trim  systems.  In  straight  flight,  throughout 
the  Operational  Flight  Envelope  the  trimming  system  shall  be  capable  of 
reducing  the  steady-state  control  forces  to  zero  for  Level  1  or  2,  and 
no  greater  than  20  pounds  (push  or  pull)  for  Level  3.  The  failures  to 
be  considered  in  applying  Level  2  and  3  requirements  shall  include  trim 
sticking  and  runaway  in  either  direction.  It  is  permissible  to  meet 
Level  2  and  3  requirements  by  providing  the  pilot  with  alternate  trim 
mechanisms  or  override  capability. 

3. 2. 9. 8.1  Pitch  axis  trim  systems  —  rate  of  operation.  Trim 
devices  shall  operate  rapidly  enough  to  enable  the  pilot  to  maintain  low 
control  forces  under  changing  conditions  normally  encountered  in  ser¬ 
vice,  yet  not  so  rapidly  as  to  cause  oversensitivity  or  trim  precision 
difficulties  under  any  conditions. 

3 . 2 . 9 . 8 . 2  Pitch  axis  trim  systems  —  stalling  of  trim  systems. 
Stalling  of  a  trim  system  due  to  aerodynamic  loads  during  maneuvers 
shall  not  result  in  an  unsafe  condition.  Specifically,  the  longitudinal 
trim  system  shall  be  capable  of  operating  during  the  dive  recoveries  of 

3. 2. 9. 7. 3  at  any  attainable  permissible  n,  at  any  possible  position  of 
the  trimming  device. 

3. 2. 9. 8. 3  Pitch  axis  trim  systems  —  irreversibility.  All  trim¬ 
ming  devices  shall  maintain  a  given  setting  Indefinitely  unless  changed 
by  the  pilot,  or  by  a  special  automatic  Interconnect  (such  as  to  the 
landing  flaps),  or  by  the  operation  of  an  augmentation  device.  If  an 
automatic  interconnect  or  augmentation  device  is  used  in  conjunction 
with  a  trim  device,  provision  shall  be  made  to  ensure  the  accurate 
return  of  the  device  to  its  initial  trim  position  on  removal  of  each 
interconnect  or  augmentation  command. 


3.2.10  Pitch  Axis  Control  Displacements 


3.2.10.1  Pitch  axis  control  displacements  —  takeoff.  With  the 
trim  setting  optional  but  fixed,  the  pitch-control  travel  during 
all  types  of  takeoffs  for  which  the  aircraft  is  designed  shall  not 
exceed  75  percent  of  the  total  travel,  stop-to-stop.  Here  the  term 


takeoff  includes  ground  run,  rotation  and  liftoff,  and  the  ensuing 
acceleration  to  V  (TO).  Takeoff  power  shall  be  maintained  until  VM 
(TO)  is  reached,  with  the  landing  gear  and  high-lift  devices  retracted 
in  the  normal  manner  at  speeds  from  V0min  (TO)  t0  Vmax 

3.2.10.2  Pitch  axis  control  displacements  —  maneuvering.  For  all 
types  of  pitch  controllers,  the  control  motions  in  maneuvering  flight 
shall  not  be  so  large  or  so  small  as  to  be  objectionable.  In  steady 
turning  flight  and  in  pullups  at  constant  speed,  the  incremental  control 
deflection  required  to  maintain  a  change  in  normal  load  factor  and  pitch 
rate  shall  be  in  the  same  sense  (aft  —  more  positive,  forward  —  more 
negative)  as  those  required  to  Initiate  the  change. 

3.2.10.3  Pitch  axis  control  displacements  —  gust  regulation.  The 
ability  of  the  aircraft  to  perform  operational  maneuvers  required  of  it 
shall  not  be  limited  in  the  Moderate  atmospheric  disturbances  defined  in 
3.9  by  control  displacement  or  control  surface  deflection  rates.  For 
powered  or  boosted  controls,  the  effect  of  engine  speed  and  the  duty 
cycle  of  both  primary  and  secondary  control  together  with  the  pilot  con¬ 
trol  techniques  shall  be  included  when  establishing  compliance  with  this 
requirement. 


3.3  HANDLING  QUALITY  REQUIREMENTS  FOR  VERTICAL  FLIGHT  PATH  AXIS 

3.3.1  Vertical  Axis  Response  to  Attitude  Change 

3.3. 1.1  Vertical  axis  response  to  attitude  change  —  transient 
response.  The  short-term  flight  path  response  to  attitude  changes  shall 
be  acceptable  to  the  pilot. 

3. 3. 1.2  Vertical  axis  response  to  attitude  change  —  steady-state 

response.  The  steady-state  path  response  to  attitude  inputs  shall  be  as 
follows.  For  the  landing  approach  Flight  Phase,  the  curve  of  flight- 
path  angle  versus  true  airspeed  shall  have  a  local  slope  at  vomin  that 
is  negative  or  less  positive  than:  ' 

a.  Level  1:  0.06  degrees/knot 

b.  Level  2:  0.15  degrees/knot 

c.  Level  3:  0.24  degrees/knot 

The  thrust  setting  shall  be  that  required  for  the  normal  approach  glide 

path  at  V_  .  The  slope  of  the  curve  of  flight-path  angle  versus  air- 
ml  a 

speed  at  5  knots  slower  than  V0m^n  shall  not  be  more  than  0.05  degrees 
per  knot  more  positive  than  the  slope  at  vomin»  38  illustrated  by  the 
sketch  on  the  following  page.  L 


807 


m  ' 


DIFFERENCE  IN 
SLOPES  NOT  TO 
EXCEEO  .05  DEG/KT 


[The  specific  wording  of  this  requirement  makes  it  clear  that  a  STOL 
flight  path  control  is  disallowed  —  i.e.,  the  3y/3V  values  are  not  con¬ 
sistent  with  an  aircraft  operating  well  on  the  backside  of  the  power 
curve  to  the  point  where  the  primary  flight  path  controller  would  be 
power] . 


3.3.3  Vertical  Axis  Response  to  Other  Inputs 

3 . 3 . 3 . 1  Vertical  axis  response  to  auxiliary  controls,  stores 
release,  and  armament.  There  shall  be  no  objectionable  transients  in 
flight  path  response  due  to  the  use  of  other  auxiliary  controls,  or 
stores  or  armament  release. 

3. 3. 3. 2  Vertical  axis  response  to  failures.  No  single  failure  of 
any  component  or  system  shall  result  in  objectionable  flying  qualities. 

3.4  HANDLING  QUALITY  REQUIREMENTS  FOR  LONGITUDINAL  (SPEED)  AXIS 

3.4.1  Speed  Response  to  Attitude  Changes 

a.  The  correlation  between  airspeed  ”nd  pitch  attitude 
shall  be  as  follows: 

•  Transient  Response.  For  rapid  attitude 
changes  the  short-term  airspeed  change  shall 
be  in  the  same  direction  as  the  final  value. 
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•  Steady  State  Response.  For  a  fixed  positive 
change  in  attitude  from  trim,  airspeed  shall 
not  increase.  This  applies  over  a  speed 
range  of  ±15  percent  about  trim  or  ±50  kt, 
whichever  is  less. 

b.  For  Levels  1  and  2  there  shall  be  no  tendency  for  the 
airspeed  to  diverge  aperiodlcally  when  the  aircraft 
pitch  attitude  is  disturbed  from  trim  by  any  means. 

This  requirement  shall  be  considered  satisfied  if  the 
gradient  of  pitch  control  force  with  airspeed  is  nega¬ 
tive.  Demonstration  of  positive  phugoid  damping  in 
Paragraph  3.2.1  shall  also  be  accepted  as  evidence  of 
compliance. 

c.  For  Level  3,  the  airspeed  divergence  characteristics 
must  be  within  the  following  limits:  the  time  for  air¬ 
speed  to  double  amplitude  following  a  pitch  attitude 
disturbance  from  trim  shall  not  be  less  than  6  sec¬ 
onds.  Additionally,  airspeed  divergences  shall  not  be 
allowed  in  the  presence  of  one  or  more  other  Level  3 
flying  qualities  unless  the  flight  safety  of  that  com¬ 
bination  of  characteristics  can  be  demonstrated. 

3. 4. 1.1  Speed  response  to  attitude  changes  —  relaxation  in  tran¬ 
sonic  flight.  The  requirements  of  3.4.1  may  be  relaxed  in  the  transonic 
speed  range  as  follows  (provided  any  divergent  aircraft  motions  with 
speed  are  gradual  and  not  objectionable  to  the  pilot): 

a.  Levels  1  and  2:  For  centerstick  controllers,  no 
local  force  gradient  shall  be  more  unstable  than 
3  pounds  per  0.01  M  nor  shall  the  force  change 
exceed  10  pounds  in  the  unstable  direction. 

b.  Level  3:  For  centerstick  controllers,  no  local 
force  gradient  shall  be  more  unstable  than 
6  pounds  per  0.01  M  nor  shall  the  force  ever 
exceed  20  pounds  in  the  unstable  direction. 

For  sldestick  controllers  any  local  gradient  shall  be  acceptable  to  the 
pilot.  This  relaxation  shall  not  apply  to  Level  1  for  any  Flight  Phase 
which  requires  prolonged  transonic  operation. 
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3.5 


HANDLING  QUALITY  REQUIREMENTS  FOR  ROLL  AXIS 


3.5.1  Roll  Response  to  Roll  Controller 


3. 5. 1.1  Roll  axis  equivalent  system  requirements 


3. 5. 1.1.1  Roll  mode.  The  equivalent  roll  mode  time  constant,  TR, 
shall  be  no  greater  than  the  following: 


FLIGHT 

PHASE 

CATEGORY 

LEVEL 

1 

2 

3 

A  &  C 

1.0 

1.4 

B 

1.4 

3.0 

1.0 

The  lower  order  equivalent  roll  rate  transfer  function  is  defined  as 
follows: 


The  equivalent  system  is  to  be  obtained  from  matching  of  the  higher 
order  system  response  over  a  frequency  range  of  approximately  0.1  to 
10  rad/sec. 

3. 5. 1.1. 2  Spiral  stability.  The  combined  effects  of  spiral  stabil¬ 
ity,  flight-control-system  characteristics  and  rolling  moment  change 
with  speed  shall  be  such  that  the  banK  angle  response  shall  have  the 
following  characteristics  following  a  disturbance  in  bank  of  up  to  20 
degrees.  This  requirement  shall  be  met  with  the  airplane  trimmed  for 
wings-level,  zero-yaw-rate  flight  with  the  cockpit  controls  free. 


MINIMUM  TIME  TO  DOUBLE  AMPLITUDE 


FLIGHT  PHASE 
CATEGORY 


LEVEL  1 


LEVEL  2 


LEVEL  3 


The  spiral  mode  may  be  determined  from  the  equivalent  system  match 
of  3. 5. 1.1.1  or  from  time  histories  taken  from  flight  test. 

3. 5. 1.1. 3  Coupled  roll-spiral  oscillation.  A  coupled  roll-spiral 
mode  will  be  permitted  provided  it  has  the  following  characteristics: 

MAXIMUM  VALUES  FOR  ROLL-SPIRAL  DAMPING 
COEFFICIENT,  Crs^S 


LEVEL 

CATEGORY 

CATEGORIES 

A 

B  AND  C 

l 

* 

0,5 

2 

* 

0.3 

3 

* 

0.15 

*The  aircraft  shall  not  exhibit  a  coupled  roll- 
spiral  mode  in  Category  A  Flight  Phases. 

**The  aircraft  shall  not  exhibit  a  coupled  roll- 
spiral  oscillation  in  Category  C  Flight  Phases 
requiring  rapid  turning  maneuvers  such  as  short 
approaches. 

3. 3. 1.1. 4  Roll  rate  oscillations.  The  value  of  the  parameter 
p  C/Pav  f°H°wl-ng  a  yaw-control-free  step  roll  command  shall  be  within 
the  limits  of  Figure  4.  This  requirement  applies  for  step  roll  commands 
up  to  the  magnitude  that  causes  a  60  degree  bank  angle  change  in  1.7^ 
seconds. 

3. 3. 1.1. 3  Time  delay.  The  value  of  the  equivalent  time  delay,  te  , 
determined  in  the  equivalent  system  match  of  3. 5. 1.1.1,  shall  be  Ro 
greater  than  the  following: 


LEVEL 

ALLOWABLE  DELAY 
(sec) 

1 

0.10 

2 

0.20 

3 

0.25 

3.5.2  Pilot-Induced  Roll  Oscillations.  There  shall  be  no  tendency 
for  sustained  or  uncontrollable  roll  oscillations  resulting  from  efforts 
of  the  pilot  to  control  the  airplane. 


I 


o 

w 

o 

p. 


Figure  4  (Appendix  B).  Roll  Rate  Oscillation  Limitations 


3.5.3  Residual  Roll  Oscillations.  Any  sustained  residual  oscilla¬ 
tions  in  calm  air  shall  not  interfere  with  the  pilot's  ability  to  per¬ 
form  the  tasks  required  in  service  use  of  the  airplane. 

3.5.4  Linearity  of  Roll  Response  to  Roll  Controller.  There  shall 
be  no  objectionable  nonlinearities  in  the  variation  of  rolling  response 
with  roll  control  deflection  or  force.  Sensitivity  or  sluggishness  in 
response  to  small  control  deflections  or  force  shall  be  avoided. 

3.5.5  Lateral  Acceleration  at  Pilot  Station.  The  ratio  of  maximum 
lateral  acceleration  at  the  pilot  station  to  maximum  roll  rate  shall  not 
exceed  the  following  for  the  first  2-1/2  seconds  following  a  step  roll 
control  input. 

nyPilotmax/Pmax 

Level  _ (g/deg/ sec) _ 

1  0.012 

2  0.035 

3  0.058 
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3.5.6  Roll  response  to  yaw  controller.  The  following  requirements 
are  expressed  in  terms  of  characteristics  in  yaw-control-induced  steady, 
zero-yaw-rate  sideslips  with  the  airplane  trimmed  for  wings-level 
straight  flight,  at  sideslip  angles  up  to  those  produced  or  limited  by: 

a)  Pull  yaw-control-pedal  deflection,  or 

b)  250  pounds  of  yaw-control-pedal  force,  or 

c)  Maximum  roll  control  or  surface  deflection. 

At  these  sideslip  angles  the  following  shall  apply: 

a)  A  decrease  in  right  bank  angle  shall  not  accompany  an 
increase  in  right  sideslip,  and  a  decrease  in  left  bank 
angle  shall  not  accompany  an  increase  in  left  sideslip. 

Zero  roll  control  force  or  deflection  is  acceptable, 
whereas 

b)  A  right  roll-control  deflection  and/or  force  shall  not 
accompany  left  sideslips,  and  a  left  roll-control  deflec¬ 
tion  and/or  force  shall  not  accompany  right  sideslips. 

For  Levels  1  and  2,  the  variation  of  roll-control  deflec¬ 
tion  and  force  with  sideslip  angle  shall  be  essentially 
linear.  This  requirement  may,  if  necessary,  be  excepted 
for  waveoff  (go-around)  if  task  performance  is  not 
impaired  and  no  more  than  50  percent  of  roll-control  power 
available  to  the  pilot,  and  no  more  than  10  pounds  of 
roll-control  force  are  required  in  a  direction  opposite  to 
that  specified  herein.  In  addition,  for  Levels  1  and  2 
positive  effective  dihedral  (right  roll  control  for  right 
sideslip  and  left  roll  control  for  left  sideslip)  shall 
never  be  so  great  that  more  than  75  percent  of  roll- 
control  power  available  to  the  pilot,  and  no  more  than 
10  pounds  of  roll-stick  force  are  required  for  sideslip 
angles  that  might  be  experienced  in  service  employment. 

3.5.7  Roll  axis  control  for  takeoff  and  landing  in  crosswinds.  It 
shall  be  possible  to  take  off  and  land  with  normal  pilot  skill  and  tech¬ 
nique  in  90  deg  crosswinds  from  either  side  of  velocities  up  to  30  kt 
for  Levels  1  and  2,  and  15  kt  for  Level  3. 

3.5.8  Roll  Axis  Response  to  Other  Inputs 


3.5.8. 1  Roll  axis  response  to  asymmetric  thrust.  The  airplane 
motions  following  sudden  asymmetric  loss  of  thrust  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective  action.  A  real¬ 
istic  time  delay  of  at  least  1  second  shall  be  considered. 
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3 . 5 . 8 . 2  Roll  axis  response  to  failures. 

a)  Closed-Loop:  The  aircraft  motions  following  sudden  air¬ 
craft  system  or  component  failures  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective 
action.  A  time  delay  of  at  least  1  sec  between  the  fail¬ 
ure  and  initiation  of  pilot  corrective  action  shall  be 
incorporated  when  determining  compliance.  No  single  fail¬ 
ure  of  any  component  or  system  shall  result  in  Level  3 
flying  qualities;  Special  Failures  States  (1.6.3)  are 
excepted.  The  crew  member  concerned  shall  be  provided 
with  immediate  and  easily  interpreted  indications  whenever 
failures  occur  that  require  or  limit  any  flight  crew 
action  or  decision. 

b)  Open-Loop:  With  controls  free,  the  aircraft  motions  due 
to  partial  or  complete  failure  of  the  augmentation  system 
shall  not  exceed  the  following  limits  for  at  least 
2  seconds  following  the  failure: 

•  Levels  1  and  2  (after  failure):  ±0.5  g  incre¬ 
mental  lateral  acceleration  at  the  pilot's  sta¬ 
tion  and  ±10  deg  per  second  roll  rate,  except 
that  neither  stall  angle  of  attack,  nor  structural 
limits  shall  be  exceeded.  In  addition,  for  Cate¬ 
gory  A,  ±2  deg  bank  angle. 

•  Level  3  (after  failure):  No  dangerous  attitude 
or  structural  limit  is  reached,  and  no  dangerous 
alteration  of  the  flight  path  results  from  which 
recovery  is  impossible. 

3 . 5 . 8 . 3  Roll  axis  response  to  configuration  or  control  mode  change. 
The  transient  motions  and  trim  changes  resulting  from  the  intentional 
engagement  or  disengagement  of  any  portion  of  the  primary  flight  control 
system  by  the  pilot  shall  be  such  that  dangerous  flying  qualities  never 
result.  With  controls  free,  the  motion  transients  resulting  from  these 
situations  shall  not  exceed  the  following  limits  for  at  least  2  seconds 
following  the  transfer:  ±3  deg/sec  roll  within  the  Operational  Flight 
Envelope,  or  ±5  deg/sec  roll  within  the  Service  Flight  Envelope.  These 
requirements  apply  only  for  Aircraft  Normal  States. 

3. 5. 8. A  Roll  axis  response  to  stores  release.  The  intentional 
release  of  any  stores  shall  not  result  in  objectionable  flight  charac¬ 
teristics  for  Levels  1  and  2.  However,  the  intentional  release  of 
stores  shall  never  result  in  dangerous  or  intolerable  flight  character¬ 
istics.  This  requirement  applies  for  all  flight  conditions  and  store 
loadings  at  which  normal  or  emergency  store  release  is  structurally  per¬ 
missible. 
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3. 5.8. 5  Roll  axis  response  to  armament  delivery.  Operation  of 
moveable  parts  or  firing  of  weapons  shall  not  cause  buffet,  trim 
changes,  or  other  characteristics  which  impair  the  tactical  effective¬ 
ness  of  the  airplane  under  any  pertinent  flight  conditions.  These 
requirements  shall  be  met  for  Levels  1  and  2. 


3.5.9  Roll  Axis  Control  Power 


3.5.9. 1  Roll  axis  control  power  —  response  to  roll  control  inputs. 
The  response  to  full  roll  control  input  shall  have  the  following  charac¬ 
teristics.  Over  the  equivalent  airspeed  ranges  listed  below,  roll  per¬ 
formance  is  specified  in  Table  11.  In  addition,  roll  performance  for 
Flight  Phase  CO  is  specified  in  Table  12  for  360  deg  rolls  initiated  at 
1  g,  and  in  Table  13  for  rolls  initiated  at  load  factors  between 
0.8  n  (-)  and  0.8  n  (+).  These  requirements  take  precedence  over 
Table  11. 


Speed  _ Equivalent  Airspeed  Range 


Range 

Symbol 

For  Level  1 

For  Levels  2  and  3 

VL 

V°min  <  V  <  V*nm  +  20 

Vmin  <  v  <  Vmln  +  20  KTS 

L 

Vmln  +  20  KTSa  <  V  <  1.4  Vmln 

Vmln  +  20  KTS  <  V  <  1.4  Vmln 

M 

X*4  V°min  <  V  <  °*7  V®ax  b 

vmin  *  ^  ^  0*7  vmax 

H 

0.7  V„x  »  <  V  <  V0max 

0’^  Vmax  *  V  *  vmax 

a  Or  V  ,  whichever  is  greater 
min 


11  Or  V  ,  whichever  is  less 
max 


3. 5. 9. 2  Roll  axis  control  power  in  steady  sideslips.  For  Levels  1 
and  2,  positive  effective  dihedral  (right  roll  control  for  right  side¬ 
slip  and  left  roll  control  for  left  sideslip)  shall  never  be  so  great 
that  more  than  75  percent  of  roll  control  power  available  to  the  pilot 
is  required  for  sideslips  which  might  be  encountered  in  service  deploy¬ 
ment. 
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TABLE  11  (Appendix  B) 

ROLL  PERFORMANCE 

Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

CATEGORY 

A 

CATEGORY  B 

CATEGORY  C 

RANGE 

30  deg 

50  deg 

90  deg 

90  deg 

30  deg 

VL 

1.1 

2.0 

1.1 

1 

L 

1.1 

1.7 

1.1 

M 

1.3 

1.7 

1.1 

H 

1.1 

1.7 

1.1 

VL 

1.6 

2.8 

1.3 

o 

L 

1.5 

2.5 

1.3 

M 

1.7 

2.5 

1.3 

H 

1.3 

2.5 

1.3 

VL 

2.6 

3.7 

2.0 

o 

L 

2.0 

3.4 

2.0 

M 

2.6 

3.4 

2.0 

H 

2.6 

3.4 

2.0 

TABLE  12  (Appendix  B) 

FLIGHT  PHASE  CO  ROLL  PERFORMANCE  IN  360  DEG  ROLLS 
Time  to  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

RANGE 

30  deg 

— 

90  deg 

180  deg 

360  deg 

1 

VL 

L 

M 

H 

1.0 

1.4 

1.0 

1.4 

2.3 

1.6 

2.3 

4.1 

2.8 

4.1 

VL 

1.6 

L 

1.3 

z 

M 

1.3 

2.0 

3.4 

H 

1.7 

2.6 

4.4 

VL 

2.5 

L 

2.0 

J 

M 

1.7 

3.0 

H 

2.1 

_ 
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TABLE  13  (Appendix  B) 

FLIGHT  PHASE  CO  ROLL  PERFORMANCE 
Time  Co  Achieve  the  Following  Bank  Angle  Change  (Seconds) 


LEVEL 

SPEED 

RANGE 

30  deg 

50  deg 

- ! 

90  deg 

180  deg 

VL 

1.0 

1 

L 

1.1 

M 

1.1 

2.2 

H 

1.0 

VL 

1.6 

9 

L 

1.3 

M 

1.4 

2.8 

H 

1.4 

— 

2.5 

'i 

■  ■  : 

2.0 

fMIfl 

M 

1.7 

sEIll 

H 

1.7 

HU 

3. 5. 9. 3  Roll  axis  control  power  In  crosswlnds. 

a)  It  shall  be  possible  to  taxi  at  any  angle  to  a  45  kt  wind. 

b)  Roll  control  power,  in  conjunction  with  other  normal  means  of 

control,  shall  be  adequate  to  maintain  a  straight  path  during 
the  takeoff  run,  or  landing  rollout,  in  crosswinds  up  to  those 
specified  in  3.5.7. 

c)  Roll  control  power  shall  be  adequate  to  maintain  wings  level 

with  up  to  10  deg  of  sideslip  in  the  power  approach.  For 

Level  1  this  shall  require  not  more  than  75  percent  of  the  con¬ 
trol  power  available  to  the  pilot. 

d)  Following  sudden  asymmetric  loss  of  thrust  from  any  factor,  the 

airplane  shall  be  safely  controllable  in  roll  in  the  crosswinds 
of  3.5.7  from  the  unfavorable  direction. 

3. 5. 9. 4  Roll  axis  control  power  for  engine  failure.  During  the 
takeoff  run  it  shall  be  possible  to  maintain  roll  control  of  the  air¬ 
craft,  following  a  sudden  loss  of  thrust  from  the  most  critical  propul¬ 
sive  source.  This  requirement  shall  apply  from  a  minimum  speed  of 
vmin(T°)  to  a  maximum  speed  of  V^^TO). 

The  roll  control  required  shall  not  exceed  75  percent  of  the  avail¬ 
able  roll  control  power.  This  assumes  takeoff  thrust  is  maintained  on 
the  operative  engine  for  multi-engine  aircraft,  with  trim  at  normal 


setting  for  symmetric  thrust.  The  aircraft  may  be  banked  up  to  5  deg 
away  from  the  inoperative  engine.  [The  wording  of  this  paragraph 
implies  that  the  aircraft  may  be  either  single-  or  twin-engine]. 

3. 5. 9. 5  Roll  axis  control  power  in  dives  and  pullouts.  Roll  con¬ 
trol  power  shall  be  adequate  to  maintain  wings  level  without  retrimming, 
throughout  the  dives  and  pullouts  of  3. 2. 9. 7. 3. 

3. 5. 9. 6  Roll  axis  control  power  for  stores  release.  Roll  control 
power  shall  be  adequate  to  regain  wings  level,  without  retrimming,  fol¬ 
lowing  intentional  release  of  any  stores,  to  the  maximum  load  factors 
specified  in  3. 2. 8. 2  with  adequate  control  margin. 

3. 5. 9. 8  Roll  axis  control  power  for  other  conditions.  Control 
authority,  rate  and  hinge  moment  capability  shall  be  sufficient  to 
assure  safety  throughout  the  combined  range  of  all  attainable  angles  of 
attack  (both  positive  and  negative)  and  sideslip.  This  requirement 
applies  to  the  prevention  of  loss  of  control  and  to  recovery  from  any 
situation  for  all  maneuvering,  including  pertinent  effects  of  factors 
such  as  regions  of  control-surface-fixed  instability,  inertial  coupling, 
fuel  slosh,  the  influence  of  symmetric  and  asymmetric  stores,  stall/ 
post-stall/spin  characteristics,  atmospheric  disturbances  and  Aircraft 
Failure  States  (maneuvering  flight  appropriate  to  the  Failure  State  is 
to  be  included).  Consideration  shall  be  taken  of  the  degrees  of  effec¬ 
tiveness  and  certainty  of  operation  of  limiters,  c.g.  control  malfunc¬ 
tion  or  mismanagement,  and  transients  from  failures  in  the  propulsion, 
flight  control  and  other  relevant  systems. 


3.5.10  Roll  Axis  Control  Forces  and  Displacements 


3.5.10.2  Roll  axis  control  forces  to  achieve  required  roll  rates. 
The  roll  control  force  required  to  obtain  the  rolling  performance  speci¬ 
fied  in  3.5.9. 1  shall  be  neither  less  than  the  minimum  nor  greater  than 
the  maximum  listed  below  for  centerstick  controllers.  For  sidestick 
controllers,  forces  shall  not  be  so  large  or  so  small  as  to  be  objec¬ 
tionable  to  the  pilot. 


LEVEL 


1 


FORCE  (lbs) 


MINIMUM 


MAXIMUM 


20 


2 


4 


30 


2  (Cat  C)  2-1/2  20 

3  0  35 

*Above  breakout  force. 
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3.5.10.3  Roll  axis  control  sensitivity.  The  roll  control  force 
gradient  shall  have  the  following  characteristics.  In  case  of  conflict 
between  the  requirements  of  3.5.10.3  and  3.5.10.2,  the  requirements  of 

3.5.10.3  shall  govern. 


LEVEL 

FLIGHT  PHASE 
CATEGORY 

MAXIMUM  SENSITIVITY 
(deg  in  1  sec)/lb 

1 

A 

15. 

c 

7.5 

2 

A 

25. 

C 

12.5 

3.5.10.4  Roll  axis  control  forces  —  control  centering  and  breakout 
forces.  Lateral  controls  should  exhibit  positive  centering  in  flight  at 
any  normal  trim  conditions. 

The  combined  effects  of  centering,  breakout  force,  damping,  and 
force  gradient  shall  not  produce  objectionable  flight  characteristics. 

Breakout  forces,  including  friction,  preload,  etc.,  shall  be  within 
the  following  limits:  for  Levels  1  and  2,  1/2  lb  to  2  lb  (1  lb  for  side- 
stick  controllers);  for  Level  3,  1/2  lb  to  4  lb. 

3.5.10.5  Roll  axis  control  forces  —  free  play.  The  free  play  in 
the  lateral  controller  shall  not  result  in  objectionable  flight  charac¬ 
teristics,  especially  for  small  amplitude  inputs. 


3.5.10.6  Roll  axis  control  force  limits 


3.5.10.6.1  Roll  axis  control  force  limits  —  steady  turns.  It 
shall  be  possible  to  maintain  steady  turns  with  the  airplane  trimmed  for 
wings-level  straight  flight  in  either  direction  with  the  yaw  controls 
free  at  the  following  combinations  of  bank  angle  and  roll  controller 
force  characteristics:  60  deg  and  5  lb. 

3.5.10.6.2  Roll  axis  control  force  limits  —  dives  and  pullouts. 
Roll  control  forces  shall  not  exceed  10  lb  in  dives  and  pullouts  to  the 
maximum  speeds  specified  in  the  Service  Flight  Envelope. 

3.5.10.6.3  Roll  axis  control  force  limits  —  crosswinds.  It  shall 
be  possible  to  take  off  and  land  In  the  crossvinds  specified  in  3. 5. 9. 3 
without  exceeding  the  roll  control  forces  specified  by  3.5.10.2. 
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3.5.10.6.4  Roll  axis  control  force  limits  —  steady  sideslips .  In 
final  approach  the  roll  control  forces  shall  not  exceed  10  lb  for 
Level  1  or  20  lb  for  Level  2  when  in  a  straight,  steady  sideslip  of 
10  deg. 


3.5.10.6.5  Roll  axis  control  force  limits  —  engine  failures  after 
takeoff.  Following  a  thrust  loss  from  the  most  critical  factor  after 
takeoff  the  roll  control  forces  shall  not  exceed  those  specified  by 
Paragraph  3.5.10.2.  With  yaw  controls  free,  forces  shall  be  the  Level  2 
upper  limits  specified  in  3.5.10.2  for  Levels  1  and  2,  and  the  Level  3 
upper  limits  for  Level  3.  These  requirements  apply  with  takeoff  thrust 
maintained  on  the  operative  engine  for  multi-engine  aircraft  and  trim  at 
the  normal  settings  for  takeoff  with  symmetric  thrust.  Automatic 
devices  that  normally  operate  in  the  event  of  a  thrust  failure  may  be 
used,  and  the  airplane  may  be  banked  up  to  5  degrees  away  from  the 
inoperative  engine. 

3.5.10.6.6  Roll  axis  control  force  limits  —  configuration  or  con¬ 
trol  mode  change.  The  control  force  changes  resulting  from  the  inten¬ 
tional  engagement  or  disengagement  of  any  portion  of  the  primary  flight 
control  system  by  the  pilot  shall  not  exceed  10  lb  for  at  least  5  sec 
following  the  mode  change. 

3.6  HANDLING  QUALITY  REQUIREMENTS  FOR  YAW  AXIS 

3.6.1  Yaw  Axis  Response  to  Yaw  Controller 

3. 6. 1.1  Yaw  axis  equivalent  system  requirements 

3. 6. 1.1.1  Dynamic  response.  The  equivalent  parameters  describing 
the  response  of  sideslip  to  a  yaw  control  input  shall  have  the  charac¬ 
teristics  specified  in  Table  14.  The  requirements  shall  be  met  in 
trimmed  and  in  maneuvering  flight  with  cockpit  controls  fixed  and  with 
them  free,  in  oscillations  of  any  magnitude  that  might  be  experienced  in 
operational  use.  If  the  oscillation  is  nonlinear  with  amplitude,  the 
requirement  shall  apply  to  each  cycle  of  the  oscillation.  In  calm  air 
residual  oscillations  may  be  tolerated  only  if  the  amplitude  is  suffi¬ 
ciently  small  that  the  motions  are  not  objectionable  and  do  not  impair 
mission  performance. 

The  parameters  shall  be  found  by  matching  the  higher-order  sideslip 
response  to  yaw  control  input  to  the  following  lower-order  form,  over 
the  frequency  range  from  0.1  rad/sec  to  10  rad/sec: 

Tp  „S 

_J_  _  _ Kge  eS 

Frp  [s2  +  2tduys  +  uy  ] 
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TABLE  14  (Appendix  B).  MINIMUM  DUTCH  ROLL  FREQUENCY  AND  DAMPING 


LEVEL 

FLIGHT 

PHASE 

CATEGORY 

Min  ?d* 

* 

Min  ?yuy 

Min  uy 

(rad/sec) 

(rad/sec) 

A  (CO) 

0.4 

0.4 

1.0 

A 

0.19 

0.35 

1.0 

1 

B 

0.08 

0.15 

0.4 

C 

0.08 

0.15 

1.0 

2 

All 

0.02 

0.05 

0.4 

3 

All 

0 

— 

0.4 

*The  governing  damping  requirement  is  that  yielding 
the  larger  value  of  5^* 


2  2 

When  aul<f>/0ld  is  greater  than  20  (rad/sec)  ,  the  minimum  jyuy  shall 

be  increased  above  the  c^uy  minimums  listed  in  Table  14  by: 

Level  1:  Acduy  *  0.014  (uy  |  <|>/Bld  -  20 ) 

Level  2:  A?duy  =  0.009 (ay  |  <J>/ Bid  “  20 ) 

Level  3:  A$duy  “  0.005 (uy  1 4>/ BI  d  “  20 ) 

with  uy  in  rad/sec. 

3. 6. 1.1. 2  Steady-state  response.  The  long-term  response  to  yaw- 

control-pedal  deflections  shall  have  the  following  characteristics: 

Right  yaw-control-pedal  force  shall  produce  left  sideslips  and  left 
yaw-control-pedal  force  shall  produce  right  sideslips.  For  Levels  1  and 
2  the  following  requirements  shall  apply.  The  variation  of  sideslip 
angle  with  yaw-control-pedal  force  shall  be  essentially  linear  for  side¬ 
slip  angles  between  +15  degrees  and  -15  degrees.  For  larger  sideslip 
angles,  an  increase  in  yaw-control-pedal  force  shall  always  be  required 
for  an  increase  in  sideslip. 

This  requirement  applies  to  yaw-control-induced  steady,  zero-yaw- 

rate  sideslips  with  the  airplane  trimmed  for  wings-level  straight 
flight,  at  sideslip  angles  up  to  those  produced  or  limited  by: 

a)  Full  yaw-control-pedal  deflection,  or 

b)  250  pounds  of  yaw-control-pedal  force,  or 

c)  Maximum  roll  control  or  surface  deflection. 
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A3  /k(PEG) 


3.6.2  Yaw  Axis  Response  to  Roll  Controller 


3.6.2. 1  Coordination  in  turn  entry  and  exit.  The  sideslip  excur¬ 
sions  to  step  roll  control  inputs  with  yaw  control  free  shall  meet  the 
following  critera: 

a.  The  amount  of  sideslip  following  a  yaw-control-free  (small 
input)  step  roll  control  command  shall  be  within  the 
limits  as  shown  in  Figure  5  for  Levels  1  and  2.  This 
requirement  shall  apply  for  step  roll  control  commands  up 
to  the  magnitude  that  causes  a  60  degree  bank  angle  change 
with  T^  or  2  seconds,  whichever  is  longer. 

b.  Following  a  yaw-control-free  (large  input)  step  roll  con¬ 

trol  command,  the  ratio  of  the  sideslip  increment,  A3,  to 
the  parameter  k  shall  be  less  than  the  values  specified 
below.  The  roll  command  shall  be  held  fixed  until  the 

bank  angle  has  changed  at  least  90  degrees. 


— 

LEVEL 

FLIGHT  PHASE 
CATEGORY 

ADVERSE  SIDESLIP 
(RIGHT  ROLL  COMMAND 
CAUSES  RIGHT  SIDESLIP) 

PROVERSE  SIDESLIP 
(LEFT  ROLL  COMMAND 
CAUSES  RIGHT  SIDESLIP) 

1 

A 

6  degrees 

2  degrees 

B  and  C 

10  degrees 

3  degrees 

2 

All 

15  degrees 

4  degrees 

16 

It 

12 

10 

.3 


'ALL  FLIGHT  PHASE’ 
CATEGORIES 
—  LEVEL  2 

'////y//y//y//.Yo\  ^ 

FLIGHT  PHASE 
CATEGORIES  B  8c 
LEVEL  1 

'//////////jy/Yt 

FLIGHT  PHASE 
CATEGORY  A 
LEVEL  1 


-tO  -30  -120  -l60  -200  -2t0 

<J»g  (DEO) 


-320  -360 


Figure  5  (Appendix  B).  Sideslip  Excursion  Limitations 
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3. 6. 2. 2  Pilot-induced  yaw  oscillations.  There  shall  be  no  tendency 
for  sustained  or  uncontrollable  yaw  oscillations  resulting  from  efforts 
of  the  pilot  to  control  the  aircraft. 

3. 6. 2. 3  Residual  yaw  oscillations.  Any  sustained  residual  oscilla¬ 
tions  in  calm  air  shall  not  interfere  with  the  pilot's  ability  to  per¬ 
form  the  tasks  required  in  service  use  of  the  aircraft. 

3.6.3. 1  Yaw  Axis  Control  for  Takeoff  and  Landing  in  Crosswinds.  It 
shall  be  possible  to  take  off  and  land  with  normal  pilot  skill  and  tech¬ 
nique  in  90  deg  crosswinds  from  either  side  of  velocities  up  to  30  kt 
for  Levels  1  and  2  or  15  kt  for  Level  3. 

3.6.4  Yaw  Axis  Response  to  Other  Inputs 

3.6.4. 1  Yaw  axis  response  to  asymmetric  thrust.  For  multi-engine 
aircraft,  it  shall  be  possible  for  the  pilot  to  maintain  directional 
control  of  the  aircraft  following  a  loss  of  thrust  from  the  most  criti¬ 
cal  propulsive  source. 

a)  Takeoff :  During  takeoff  it  shall  be  possible  to  maintain 
a  straight  path  without  deviations  of  more  than  30  ft. 

For  the  continued  takeoff,  the  requirement  shall  be  met 
when  thrust  is  lost  at  speeds  from  the  refusal  speed 
(based  on  the  shortest  runway  from  which  the  airplane  is 
designed  to  operate)  to  the  maximum  takeoff  speed,  with 
takeoff  thrust  maintained  on  the  operative  engine,  using 
only  controls  not  dependent  upon  friction  against  the 
takeoff  surface  o>-  upon  release  of  the  pitch,  roll,  yaw 
or  throttle  co  -tils.  For  the  aborted  takeoff,  the 
requirement  sha  .  be  met  at  all  speeds  below  the  maximum 
takeoff  speed;  however,  additional  controls  such  as  nose- 
wheel  steering  and  differential  braking  may  be  used. 
Automatic  devices  that  normally  operate  in  the  event  of  a 
thrust  failure  may  be  used  in  either  case. 

b)  After  takeoff:  After  takeoff  it  shall  be  possible 

without  a  change  in  selected  configuration  to  achieve 
straight  flight  following  sudden  asymmetric  loss  of 
thrust  from  the  most  critical  factor  at  speeds  from  Vmin 
(TO)  to  Vfflax  (TO),  and  thereafter  to  maintain  straight 
flight  throughout  the  climbout.  Automatic  devices  that 
normally  operate  in  the  event  of  a  thrust  failure  may  be 
used,  and  the  airplane  may  be  banked  up  to  5  degrees  away 
from  the  inoperative  engine. 

c)  Takeoff  and  landing  in  crosswinds;  The  aircraft  shall  be 
safely  controllable  In  the  crosswinds  of  3.6.3  from  the 
unfavorable  direction. 


d)  In-f light :  The  airplane  motions  following  sudden  asym¬ 

metric  loss  of  thrust  shall  be  such  that  dangerous  condi¬ 
tions  can  be  avoided  oy  pilot  corrective  action.  A 
realistic  time  delay  of  at  least  1  second  shall  be  incor¬ 
porated.  In  addition,  the  static  directional  stability 
shall  be  such  that  at  all  speeds  above  1.4  V  ,  with 
asymmetric  loss  of  thrust  from  the  most  critical  factor 
while  the  other  engine  develop  normal  rated  thrust,  the 
airplane  with  yaw  control  pedals  free  may  be  balanced 
directionally  in  steady  straight  flight.  The  trim  set¬ 
tings  shall  be  those  required  for  wings-level  straight 
flight  prior  to  the  failure. 

[Note  that  this  paragraph  is  intended  only  for  multi-engine  aircraft. 
It  does  not,  however,  prevent  the  contractor  from  designing  the  candi¬ 
date  aircraft  with  only  a  single  engine.] 


3. 6. 4. 2  Yaw  axis  response  to  failure 3.  The  yawing  motions  follow¬ 
ing  sudden  airplane  system  or  component  failures  shall  be  such  that 
dangerous  conditions  can  be  avoided  by  pilot  corrective  action.  A  real¬ 
istic  time  delay  between  the  failure  and  initiation  of  pilot  corrective 
action  shall  be  incorporated  when  determining  compliance.  No  single 
failure  of  any  component  or  system  shall  result  in  dangerous  or  intoler¬ 
able  flying  qualities;  Special  Failure  States  (1.6.3)  are  excepted.  The 
crew  member  concerned  shall  be  provided  with  immediate  and  easily  inter¬ 
preted  indications  whenever  failures  occur  that  require  or  limit  any 
flight  crew  action  or  decision.  With  controls  free,  the  yawing  motions 
due  to  failures  shall  not  exceed  the  following  limits  for  at  least 
2  seconds  following  the  failure: 


•  Levels  1  and  2  ±0.5  g  incremental  lateral  acceleration 

(after  failure)  at  the  pilot's  station,  except  that 
structural  limits  shall  not  be  ex¬ 
ceeded.  In  addition,  for  Category  A, 
lateral  excursions  of  5  ft. 


•  Level  3  N^  dangerous  attitude  or  structural 

(after  failure)  limit  is  reached,  and  no  dangerous 
alteration  of  the  flight  path  results 
from  which  recovery  is  impossible. 


3 . 6 . 4 . 3  Yaw  axis  response  to  configuration  or  control  mode  change. 
The  transient  motions  and  trim  changes  resulting  from  the  intentional 
engagement  or  disengagement  of  any  portion  of  the  primary  flight  con¬ 
trol  system  by  the  pilot  shall  be  such  that  dangerous  flying  qualities 
never  result.  With  controls  free,  the  transients  resulting  from  these 
situations  shall  not  exceed  the  following  limits  for  at  least  2  seconds 
following  the  transfer:  the  lesser  of  ±5  deg  sideslip  and  the  struc¬ 
tural  limit.  These  requirements  apply  only  for  Aircraft  Normal  States, 
within  the  Service  Fligh  Envelope. 
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3. 6. 4. 4  Yaw  axis  response  to  stores  release.  The  Intentional 
release  of  any  stores  shall  not  result  in  objectionable  flight  charac¬ 
teristics  for  Levels  1  and  2.  However,  the  intentional  release  of 
stores  shall  never  result  in  dangerous  or  intolerable  flight  character¬ 
istics.  This  requirement  applies  for  all  flight  conditions  and  store 
loadings  at  which  normal  or  emergency  store  release  is  structurally  per¬ 
missible. 

3.6.4. 5  Yaw  axis  response  to  armament  delivery.  Operation  of  mov¬ 
able  parts  or  firing  of  weapons  shall  not  cause  buffet,  trim  changes,  or 
other  characteristics  which  impair  the  tactical  effectiveness  of  the 
aircraft  under  any  pertinent  flight  conditions.  These  requirements 
shall  be  met  for  Levels  1  and  2. 

3.6.5  Yaw  Axis  Control  Power.  Directional  stability  and  control 
characteristics  shall  enable  the  pilot  to  balance  yawing  moments  and 
control  yaw  and  sideslip. 

3.6.5. 1  Yaw  axis  control  power  for  takeoff,  landing,  and  taxi. 

a)  It  shall  be  possible  to  taxi  on  a  dry  surface  at  any  angle 
to  a  45  kt  wind. 

b)  In  taxi  on  wet,  snow-packed,  or  icy  runways,  directional 
control  shall  be  maintained  by  use  of  aerodynamic  controls 
alone  at  all  airspeeds  above  50  kt.  For  very  slippery 
runways,  the  requirement  need  not  apply  for  crosswind  com¬ 
ponents  at  which  the  force  tending  to  blow  the  airplane 
off  the  runway  exceeds  the  opposing  tire-runway  frictional 
force  with  the  tires  supporting  all  of  the  airplane's 
weight. 

c)  In  the  takeoff  run,  landing  rollout,  and  taxi,  yaw  control 
power  shall  be  adequate  to  maintain  a  straight  path  on  the 
ground  or  other  landing  surface.  This  applies  to  calm  air 
and  in  crosswinds  up  to  the  values  specified  in  3.6.3,  on 
wet  runways  for  all  aircraft,  and  on  snow-packed  and  icy 
runways  for  aircraft  intended  to  operate  under  such  condi¬ 
tions. 

d)  Yaw  axis  control  power  shall  be  adequate  to  develop  10  deg 
of  sideslip  in  the  power  approach. 

3. 6. 5. 3  Yaw  axis  control  power  with  asyssnetric  loading.  When  ini¬ 
tially  trimmed  directionally  with  each  asymmetric  loading  specified  in 
Paragraph  3.1.1  at  any  speed  in  the  Operational  Flight  Envelope,  yaw 
control  power  shall  be  sufficient  to  maintain  a  straight  flight  path. 

3. 6. 5. 4  Yaw  axis  control  power  for  stores  release.  Yaw  control 
power  shall  be  adequate  to  regain  straight  flight,  without  retrimmlng, 
following  intentional  release  of  any  stores  to  the  maximum  load  factors 
specified  in  3. 2. 8. 2  with  adequate  control  margin. 
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3. 6. 5. 5  Yaw  axis  control  power  for  other  conditions.  Control 
authority,  rate  and  hinge  moment  capability  shall  be  sufficient  to 
assure  safety  throughout  the  combined  range  of  all  attainable  angles  of 
attack  (both  positive  and  negative)  and  sideslip.  This  requirement 
applies  to  the  prevention  of  loss  of  control  and  to  recovery  from  any 
situation  for  a.'.l  maneuvering,  including  pertinent  effects  of  factors 
such  as  regions  of  control-surf ace-fixed  instability,  inertial  coupling, 
fuel  slosh,  the  Influence  of  symmetric  and  asymmetric  stores,  stall/ 
post-stall/spin  characteristics,  atmospheric  disturbances  and  Aircraft 
Failure  States  (maneuvering  flight  appropriate  to  the  Failure  State  is 
to  be  included).  Consideration  shall  be  taken  of  the  degrees  of  effec¬ 
tiveness  and  certainty  of  operation  of  limiters,  c.g.  control  malfunc¬ 
tion  or  mismanagement,  and  transients  from  failures  in  the  propulsion, 
flight  control  and  other  relevant  systems. 

3.6.6  Yaw  Axis  Control  Forces.  Sensitivity  to  yaw  control  pedal 
forces  shall  be  sufficiently  high  that  directional  control  and  force 
requirements  can  be  met  and  satisfactory  coordination  can  be  achieved 
without  unduly  high  control  forces,  yet  sufficiently  low  that  occasional 
improperly  coordinated  control  Inputs  will  not  cause  a  degradation  in 
flying  qualities  Level. 

3.6.6. 1  Yaw  axis  control  force  linearity.  The  following  require¬ 
ments  are  expressed  in  terms  of  characteristics  in  yaw-control-induced 
steady,  zero-yaw-rate  sideslips  with  the  airplane  trimmed  for  wings- 
level  straight  flight,  at  sideslip  angles  up  to  those  produced  or 
limited  by: 

a)  Full  yaw-control-pedal  deflection,  or 

b)  250  pounds  of  yaw-control-pedal  force,  or 

c)  Maximum  roll  control  or  surface  deflection. 

Right  yaw-control-pedal  force  shall  produce  left  sideslips  and  left 
yaw-control-pedal  force  shall  produce  right  sideslips.  For  Levels  1 
and  2  the  following  requirements  shall  apply.  The  variation  of  sideslip 
angle  with  yaw-control-pedal  force  shall  be  essentially  linear  for  side¬ 
slip  angles  between  4-10  degrees  and  -10  degrees.  Although  a  lightening 
of  pedal  force  is  acceptable  for  sideslip  angles  outside  this  range,  the 
pedal  force  shall  never  reduce  to  zero. 


3. 6. 6. 2  Yaw  axis  control  force  limits 


3 . 6 . 6 . 2 . 1  Yaw  axis  control  force  limits  in  rolling  maneuvers.  In 
the  maneuvers  described  in  3.5.9,  directional-control  effectiveness 
shall  be  adequate  to  maintain  zero  sideslip  with  pedal  force  not  greater 
than  50  lb  in  Flight  Phase  Category  A,  Level  1,  and  100  lb  for  all  other 
combinations  of  Flight  Phase  Category  and  Level. 
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3. 6. 6. 2. 2  Yaw  axis  control  force  limits  in  steady  turns.  It  shall 
be  possible  to  maintain  steady  coordinated  turns  in  either  direction, 
using  60  deg  of  bank  with  a  pedal  force  not  exceeding  40  lb,  with  the 
airplane  trimmed  for  wings-level  straight  flight.  These  requirements 
constitute  Levels  1  and  2. 

3. 6. 6. 2. 3  Yaw  axis  control  force  limits  during  speed  changes.  When 
Initially  trimmed  directionally  with  symmetric  power,  the  trim  change 
with  speed  shall  be  such  that  wings-level  straight  flight  can  be  main¬ 
tained  over  a  speed  range  of  ±30  percent  of  the  trim  speed  or  ±100  kt 
equivalent  airspeed,  whichever  is  less  (except  where  limited  by  boun¬ 
daries  of  the  Service  Flight  Envelope)  with  yaw-control-pedal  forces  not 
greater  than  40  lb  for  Levels  1  and  2,  or  180  lb  for  Level  3,  without 
retrimmlng. 

3. 6. 6. 2. 4  Yaw  axis  control  force  limits  In  crosswinds.  It  shall  be 
possible  to  take  off  and  land  in  the  crosswinds  specified  in  3.6.3  with¬ 
out  exceeding  the  following  yaw  control  forces:  100  lb  for  Level  1  and 
180  lb  for  Levels  2  and  3. 

3. 6. 6. 2. 5  Yaw  axis  control  force  limits  with  asymmetric  loading. 
When  initially  trimmed  directionally  with  each  asymmetric  loading  speci¬ 
fied  in  Paragraph  3.1.1  at  any  speed  in  the  Operational  Flight  Envelope, 
it  shall  be  possible  to  maintain  a  straight  flight  path  throughout  the 
Operational  Flight  Envelope  with  yaw-control-pedal  forces  not  greater 
than  100  lb  for  Levels  1  and  2  or  180  lb  for  Level  3  without  retrimmlng. 


3. 6. 6. 2. 6  Yaw  axis  control  force  limits  in  dives  and  pullouts. 
Throughout  the  dives  and  pullouts  of  3. 2. 9. 7. 3,  yaw-control-pedal  forces 
shall  not  exceed  50  lb  in  dives  and  pullouts  to  the  maximum  speeds 
specified  in  the  Service  Flight  Envelope. 

3. 6. 6. 2. 7  Yaw  axis  control  force  limits  for  go-around.  The 
response  to  thrust,  configuration  and  airspeed  change  shall  be  such  that 
the  pilot  can  maintain  straight  flight  during  go-around  initiated  at 
speeds  down  to  Vg  (PA)  with  yaw-control-pedal  forces  not  exceeding  40  lb 
when  trimmed  at  VQini  (PA).  The  preceding  requirements  apply  for  Levels 
1  and  2.  The  Leve?  3  requirement  is  to  maintain  straight  flight  in 
these  conditions  with  yaw-control-pedal  forces  not  exceeding  180  lb. 
Bank  angles  up  to  5  deg  are  permitted  for  all  Levels. 

3. 6.6. 2.8  Yaw  axis  control  force  limits  for  asymmetric  thrust  dur¬ 
ing  takeoff.  For  multi-engine  aircraft  the  following  requirements 
apply. 

a)  During  the  takeoff  ground  run  it  shall  be  possible  to 
achieve  and  maintain  a  straight  path  on  the  takeoff 
surface  without  a  deviation  of  more  than  30  ft  from 
the  path  originally  intended,  with  yaw-control  forces 
not  exceeding  180  lb. 


b)  For  the  continued  takeoff  it  shall  be  possible,  with¬ 
out  a  change  in  selected  configuration,  to  achieve 
straight  flight  following  sudden  asymmetric  loss  of 
thrust  from  the  most  critical  propulsive  source  at 
speeds  from  V.  (TO)  to  V  x  (TO),  and  thereafter  to 
maintain  straight  flight  throughout  the  climbout  with¬ 
out  exceeding  a  maximum  yaw  control  pedal  force  of 
180  lb. 

c)  For  the  aborted  takeoff  the  requirements  above  shall 
be  met  at  all  speeds  below  the  maximum  takeoff  speed; 
however,  additional  controls  such  as  nosewheel  steer¬ 
ing  and  differential  braking  may  be  used.  Automatic 
devices  that  normally  operate  in  the  event  of  a  thrust 
failure  may  be  used  in  either  case. 

3. 6. 6. 2. 9  Yaw  axis  control  force  limits  with  failures.  The  change 
in  yaw  control  force  required  to  maintain  constant  heading  following  a 
failure  shall  not  exceed  50  lb  for  at  least  5  seconds  following  the 
failure. 

3.6.6.2.10  Yaw  axis  control  force  limits  —  configuration  or  con¬ 
trol  mode  change.  The  change  in  yaw  control  force  required  to  maintain 
zero  sideslip  following  intentional  engagement  or  disengagement  of  any 
portion  of  the  primary  flight  control  system  by  the  pilot  shall  not 
exceed  10  lb  above  basic  controller  breakout  force  for  at  least  5  sec¬ 
onds  following  the  mode  change.  These  requirements  apply  only  for  Air¬ 
craft  Normal  States. 

3.8  HANDLING  QUALITY  REQUIREMENTS  FOR  COMBINED  AXES 

3.8.1  Cross-Axis  Coupling  in  Roll  Maneuvers.  In  yaw-control-free, 
pitch-control-fixed,  maximum-performance  rolls  through  360  deg,  entered 
from  straight  flight  or  from  turns,  pushovers,  or  pullups  ranging  from 
0  g  to  0.8  n^,  the  resulting  yaw  or  pitch  motions  and  sideslip  or  angle 
of  attack  changes  shall  neither  exceed  structural  limits  nor  cause  other 
dangerous  flight  conditions  such  as  uncontrollable  motions  or  roll  auto¬ 
rotation. 

During  combat-type  maneuvers  involving  rolls  through  angles  up  to 
360  degrees  and  rolls  which  are  checked  at  a  given  bank  angle,  the  yaw¬ 
ing  and  pitching  shall  not  be  so  severe  as  to  impair  the  tactical  effec¬ 
tiveness  of  the  maneuver.  These  requirements  define  Level  I  and  2 
operation. 


3.8.2  Crosstalk  Between  Pitch  and  Roll  Controllers.  The  pitch-  and 
roll-control  force  and  displacement  sensitivities  and  breakout  forces 
shall  be  compatible  so  that  Intentional  inputs  to  one  control  axis  will 
not  cause  inadvertent  inputs  to  the  other. 
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3.8.3  Control  Harmony.  The  following  control  force  levels  are  con¬ 
sidered  to  be  limiting  values  compatible  with  the  pilot's  capability  to 
apply  simultaneous  forces. 


Control  Type  Pitch 
Sides tick  20  lb 
Centers tick  SO  lb 


Roll  Yaw 

15  lb 
25  lb 


Pedal 


175  lb 


3.8.4  Flight  at  High  Angle  of  Attack.  The  requirements  of  3.8.4 
through  3. 8. 4. 3. 2  concern  stall  warning,  stalls,  departures  from  con¬ 
trolled  flight,  post-stall  gyrations,  spins,  recoveries,  and  related 
characteristics.  They  apply  at  speeds  and  angles  of  attack  which  in 
general  are  outside  the  Service  Flight  Envelope.  They  are  Intended  to 
assure  safety  and  the  absence  of  mission  limitations  due  to  high-angle- 
of-attack  characteristics. 

3.8.4. 1  Warning  cues.  Warning  or  Indication  of  approach  to  stall, 
loss  of  aircraft  control,  and  incipient  spin  shall  be  clear  and  unambxg- 
uous. 

3. 8. 4. 2  Stalls.  The  stall  requirements  apply  for  all  Aircraft 
Normal  States  in  straight  unaccelerated  flight  and  In  turns  and  pullups 
with  attainable  normal  accelerations  up  to  n^.  Specifically,  the  Air¬ 
craft  Normal  States  to  be  evaluated  are  those  associated  with  the  con¬ 
figurations,  throttle  settings  and  trim  settings  of  4.2.2.  Also,  the 
requirements  apply  to  Aircraft  Failure  States  that  affect  stall  charac¬ 
teristics. 

3. 8. 4. 2.1  Stall  approach 


a)  The  onset  of  warning  of  stall  approach  (3.8.4. 1)  shall 
occur  within  the  following  speed  range  for  1  g  stalls,  and 
within  the  following  range  (or  percentage)  of  lift  for 
accelerated  stalls,  but  not  within  the  Operational  Flight 
Envelope. 


1  g  Stalls: 

Flight  Phase 
Approach 

All  other 


Minimum  Speed 
_ for  Onset 


Higher  of  1.05Vg  or 
Vg  +  5  knots 

Higher  of  1.05Vg  or 
Vg  +  5  knots 


Maximum  Speed 
for  Onset 


Higher  of  l.lOVg  or 
Vg  +  10  knots 

Higher  of  1.15Vg  or 
Vg  +  15  knots 


**w « 
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Accelerated  Stalls; 


Flight  Phase 
Approach 
All  other 


Minimum  Lift 
at  Onset 

82%  stall 

75%  CL  stall 


Maximum  Lift 
at  Onset 

90%  stall 

90%  CL  stall 


b)  An  Increase  in  intensity  of  the  warning  with  further  in¬ 
crease  in  angle  of  attack  shall  be  sufficiently  marked  to 
be  noted  by  the  pilot.  The  warning  shall  continue  until 
the  angle  of  attack  is  reduced  to  a  value  less  than  that 
for  warning  onset.  Prior  to  the  stall,  uncommanded  oscil¬ 
lations  shall  not  result  in  flying  qualities  less  than 
Level  2. 

c)  At  all  angles  of  attack  up  to  the  stall,  the  cockpit  con¬ 
trols  shall  remain  effective  in  their  normal  sense,  and 
small  control  Inputs  shall  not  result  in  departure  from 
controlled  flight. 

3. 8. 4. 2. 2  Stall  characteristics.  The  following  apply  for  all 

stalls,  including  stalls  entered  abruptly: 

a)  In  the  unaccelerated  stalls  of  3.8.4.2.1,  the  aircraft 
shall  not  exhibit  rolling,  yawing,  or  downward  pitching 
at  the  stall  which  cannot  be  controlled  to  stay  within 
30  deg. 

b)  It  is  desired  that  no  pitchup  tendencies  occur  in  unaccel¬ 
erated  or  accelerated  stalls.  However,  in  unaccelerated 
stalls,  mild  nose-up  pitch  may  be  acceptable  if  no  pitch 
control  force  reversal  occurs  and  if  no  dangerous,  unre¬ 
coverable  or  objectionable  flight  conditions  result.  In 
accelerated  stalls,  mild  nose-up  tendency  may  be  accept¬ 
able  if  the  operational  effectiveness  of  the  airplane  is 
not  compromised  and  the  airplane  has  adequate  stall  warn¬ 
ing,  pitch  control  effectiveness  is  such  that  it  is  possi¬ 
ble  to  stop  the  pitchup  promptly  and  reduce  the  angle  of 
attack,  and  at  no  point  during  the  stall,  stall  approach 
or  recovery  does  any  portion  of  the  airplane  exceed  struc¬ 
tural  limit  loads. 

3. 8. 4. 2. 3  Stall  prevention  and  recovery. 

a)  It  shall  be  possible  to  prevent  the  stall  by  moderate  use 
of  the  pitch  control  alone  at  the  onset  of  the  stall  warn¬ 
ing. 
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b)  It  shall  be  possible  to  recover  from  a  stall  by  simple  use 
of  the  pitch,  roll,  and  yaw  controls  with  cockpit  control 
forces  not  to  exceed  those  specified  in  3.8.3,  and  to 
regain  level  flight  without  excessive  loss  of  altitude  or 
buildup  of  speed.  Throttles  shall  remain  fixed  until  an 
angle  of  attack  below  the  stall  has  been  regained  unless 
compliance  would  result  in  exceeding  engine  operating 
limitations. 

c)  In  the  straight  flight  stalls  of  3. 8. 4. 2,  with  the  air¬ 
craft  trimmed  at  an  airspeed  not  greater  than  1.4  V8, 
pitch  control  power  shall  be  sufficient  to  recover  from 
any  attainable  angle  of  attack. 

3. 8. 4. 2. 4  One-englne-out  stalls.  On  multi-engine  aircraft  it  shall 
be  possible  to  recover  safely  from  stalls  with  the  critical  engine  inop¬ 
erative.  Thrust  on  the  remaining  engine  will  be  as  specified  below. 


Flight  Phase 

Thrust 

TO 

Takeoff 

CL 

Normal  climb 

PA 

Normal  approach 

VfO 

Go-Around 

3. 8. 4. 3  Departures  and  Spins.  The  post-stall  gyration  and  spin 
requirements  apply  to  all  modes  of  motion  that  can  be  entered  from 
upsets,  decelerations,  and  extreme  maneuvers  appropriate  to  the  Class 
and  Flight  Phase  Category.  The  requirements  hold  for  all  Aircraft 
Normal  States  and  for  all  states  of  stability  and  control  augmentation 
systems,  except  approved  Special  Failure  States.  Store  release  shall 
not  be  allowed  during  loss  of  control,  spin  or  gyration,  recovery,  or 
subsequent  dive  pullout.  Automatic  disengagement  of  augmentation 
systems,  however,  la  permissible  if  it  is  necessary  and  does  not  prevent 
meeting  any  other  requirements;  re-engagement  shall  be  possible  in 
flight  following  recovery.  Specific  flight  conditions  to  be  evaluated 
shall  include  entries  from  inverted  flight.  Entry  angles  of  attack  and 
sideslip  up  to  maximum  control  capability  and  under  dynamic  flight  con¬ 
ditions  are  to  be  Included,  except  as  limited  by  structural  considera¬ 
tions.  For  all  Flight  Phase  Categories,  thrust  settings  up  to  and 
including  MAT  shall  be  included,  with  and  without  one  critical  engine 
inoperative  at  entry. 

3. 8. 4. 3.1  Departure  from  controlled  flight.  The  aircraft  shall  be 
resistant  to  departure  from  controlled  flight,  post-stall  gyrations  and 
spins.  Adequate  warning  of  approach  to  departure  (3.8.4. 1)  shall  be 
provided.  The  airplane  shall  exhibit  no  uncommanded  motion  which  cannot 
be  arrested  promptly  by  simple  application  of  pilot  control. 
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3. 8. 4. 3. 2  Recovery  from  post-stall  gyrations  and  spins.  For  air¬ 
craft  that,  according  to  MIL-A-8861,  Bust  be  structurally  designed  for 
spinning: 

a)  The  proper  recovery  technlque(s)  must  be  readily 
ascertained  by  the  pilot,  and  simple  and  easy  to  apply 
under  the  motions  encountered. 


b)  A  single  technique  shall  provide  prompt  recovery  from 
all  post-stall  gyrations  and  incipient  spins,  without 
requiring  the  pilot  to  determine  the  direction  of 
motion  and  without  tendency  to  develop  a  spin.  The 
same  technique  used  to  recover  from  post-stall  gyra¬ 
tions  and  Incipient  spins,  or  at  least  a  compatible 
one,  is  also  desired  for  spin  recovery.  For  all  modes 
of  spin  that  can  occur,  these  recoveries  shall  be 
attainable  within  the  following  number  of  turns  for 
recovery  or  altitude  loss,  whichever  is  less,  measured 
from  the  initiation  of  recovery  action: 


Flight  Phase 


Turns  for  Altitude 

Recovery  Loss* 


PA 


1000  ft 


Category  A,  B  2  5000  ft 

*Not  including  dive  pullout. 


c)  Avoidance  of  a  spin  reversal  or  an  adverse  mode  change 
shall  not  depend  upon  precise  pilot  control  timing  or 
deflection.  It  is  desired  that  all  aircraft  be 
readily  recoverable  from  all  attainable  attitudes  and 
motions.  The  post-stall  characteristics  of  those  air¬ 
craft  not  required  to  comply  with  requirements  of  this 
paragraph  shall  be  determined  by  analysis  and  model 
test. 

d)  Safe  and  consistent  recovery  and  pullouts  shall  be 
accomplished  without  exceeding  the  forces  specified  in 
3.8.3,  and  without  exceeding  structural  limitations. 

3.9  HANDLING  QUALITY  REQUIREMENTS  IN  ATMOSPHERIC  DISTURBANCES 


3.9.1  Allowable  Handling  Qualities  Degradations  in  Atmospheric  Dis¬ 
turbances.  Level  1  flying  qualities  as  defined  by  Table  15  are  required 
for  atmospheric  disturbance  levels  up  to  and  including  moderate,  as 
defined  in  Table  16. 
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TABLE  16  (Appendix  B) 


ATMOSPHERIC  DISTURBANCE  DEFINITIONS  FOR 
SIMULATION  AND  FLIGHT  TEST 


MAGNITUDE 

Light 

Moderate 

Severe 

Extreme 


°u 


g 


(f t/sec) 


0-3 


5 

10 

24 


The  wlndshears  corresponding  to  moderate  turbulence  are  given  as 
follows: 


Decreasing  Headwind: 
Decreasing  Tailwind: 
Vector  Shear: 

Duration  of  All  Shears: 


gYjjax  not  to  e*ceed  3.4  f t/sec 

2 

gYmin  not  t0  exceed  1.7  ft /sec 
9  deg/sec;  Vw  *  20  kt 
At  least  10  sec 


where  y^t  la  the  maximum  power  climb  angle  in  the  configuration  used  at 
wind  shear  initiation.  Ymin  is  the  flight  path  angle  for  flight  idle  in 
the  configuration  existing  at  wind  shear  initiation. 

The  following  steady  crosswind  components  corresponding  to  "light," 
"moderate,"  and  "severe"  disturbances  are  specified: 


Qualitative  Atmospheric 
Disturbance  Level 

Steady  Crosswind 
(kt) 

Light 

0-10 

Moderate 

11-30 

Severe 

31-45 

These  crosswinds  shall  exist  on  short  approach  and  at  touchdown.  When 
complying  via  piloted  simulation,  the  wind  values  may  be  invariant  with 
time,  position,  or  altitude. 


3.9.2  Definition  of  Atmospheric  Disturbance  Model  Form.  When  com¬ 
pliance  via  demonstration  is  to  be  carried  out  using  piloted  simulation, 
an  atmospheric  disturbance  model  appropriate  to  the  piloting  task  shall 
be  included.  As  a  minimum,  the  atmospheric  disturbance  model  shall  con¬ 
sist  of  the  elements  outlined  in  the  following  paragraphs. 

1.  Random  Wind  Component 

The  standard  random  wind  component  consists  of  the  basic  Dryden 
spectral  form  for  each  of  the  translational  and  rotary  components  con¬ 
sidered  necessary.  These  spectral  forms  are: 
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2  Lv  I  +  12(Lya)2 
^g  i:  r,  .  a  r.  ~-v9i2 


[1  +  4(1*8)*]' 


V,(°) 

8 


2  Ltf  1  +  12(L„o)2 

^g  n  r,  .  /  fr 


[1  +  4M2]' 


(0)  -  o2  2*. - ) - T5- 

5  ^8  »  1  +  [Lp  ft)2 


ft2 


V®  ■  1  7  [(4b/.)0]2  V“ 


ft2 

*r  (ft)  -  - - TT  *v  00 

V  1  +  [  ( 3b/  ir)ft  ]2  8 
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where 


4 


f  *x(n)  dn 

•'a 


a  -  w/v 


b  =  wing  span 


The  primary  determinant  of  turbulence  intensity  is  and  the 
values  to  be  used  for  evaluation  of  flying  qualities  are^given  in 
Table  17.  The  relationships  between  translational  intensities  and  scale 
lengths  are: 


4  4 

Lu  “  2Lv  *  2L„ 

For  the  p-gust  the  intensity  and  scale  length  are  associated  with  the 
w-gust  by: 


and 


1.9 

%  “  ^b  % 

Lp  -  "276 


Scale  lengths  are  set  according  to  altitude  by  the  following  relation¬ 
ships: 


I*u  "  Lv  ”  ”  hl 

Lu  “  Lv  *  ^  A|h 

Lw  "  h 


for  h  >  1750  ft 


for  ho  <  h  <  hi 


836 


Lu  ■  Lv  -  3»4^ho 

for  h  <  ^  ft 

Lw  "  h0 


where  h  Is  Che  center  of  gravity  height  above  ground,  h  -  10  ft,  and 
hj  -  1750  ft. 


2.  Hind  Shear  Component 


The  standard  wind  shear  is  represented  by  a  constant  tine  rate  of 
change  of  wind  speed  and  direction. 

For  t  <  tQ, 

ug  -  V0  cos  *o  »  vg  "  vo  sln  *o 

for  t  >  tf, 

Ug  -  Vf  cos  »  Vg  *  Vf  sin 

and,  for  the  duration  of  the  shear,  tQ  <  t  <  tf 

t  -  tQ  ,  , 

ug  -  VQ  cos  ^  [Vf  cos  ij»f  -  V0  cos  ] 

and 

vg  -  V0  sin  i|i0  +  ^  _■  t~  [Vf  sin  -  VQ  sin  i|»0) 

where 

VQ  ■  Initial  wind  velocity 
<|iQ  ■  Initial  wind  angle 
Vf  ■  Final  wind  velocity 

i|)f  “  Final  wind  angle 

tQ  ■  Time  shear  is  initiated 
tf  -  Time  shear  is  terminated 
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Htmium?' 


M 


The  maximum  wind  shear  magnitude  is  set  according  to  the  incremental 
flight  path  change  capability  of  the  aircraft  up  to  a  limit,  i.e., 


Vf  -  V 

- - ~  ”  gdy  <  3.4  ft/sec^ 

cf  ~  co 

The  shear  duration  shall  be  at  least  10  sec  and  the  shear  shall  termin¬ 
ate  at  an  altitude  of  50  ft  for  landing  simulations.  The  mean  wind  at 
altitude  shall  be  set  so  the  wind  at  touchdown  is  zero.  Ay  in  the  up 
direction  is  established  at  maximum  climb  power  and  in  the  down  direc¬ 
tion  at  flight  idle.  The  wind  shear  magnitude  shall  not  exceed  3*4 
ft/sec  .  At  least  four  critical  wind  shear  cases  are  considered: 

•  Decreasing  headwind 

•  Decreasing  tailwind 

•  Decreasing  crosswind 

•  Headwind  to  tailwind  (constant  wind  speed) 

The  standard  wind  shear  component  is  accompanied  by  the  light  level  of 

random  turbulence,  i.e.,  ou  <*3.0  ft /sec. 

g 

3.  Mean  Hind 


The  capability  for  simulating  a  mean  wind  from  any  direction  shall 
be  included.  The  wind  shall  be  parallel  to  the  earth's  surface. 

4.  Discrete  Gust  Model 


The  discrete  gust  model  may  be  used  for  any  of  the  three  gust- 
velocity  components  and,  by  derivation,  any  of  the  three  angular  com¬ 
ponents. 

The  discrete  gust  has  the  "1  -  cosine"  shape  given  by: 


v  -  0  ,  x  <  0 

vm  /,  ttx  \  »  .  .  . 

v  .  _  ^  _c°8  ,  0  <X  <d. 

V  -  Vm  ,  x  >  dm 
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Distance  ,x  (ft) 


The  discrete  gust  above  nay  be  used  singly  or  In  multiples  In  order  to 
assess  airplane  response  to,  or  pilot  control  of,  large  disturbances • 
Step  function  or  linear  ramp  gusts  may  also  be  used. 

3.9.3  Application  of  disturbance  models  In  analyses.  The  gust  and 
turbulence  velocities  shall  be  applied  to  the  airplane  equations  of 
motion  through  the  aerodynamic  terms  only,  and  the  direct  effect  on  the 
aerodynamic  sensors  shall  be  included  when  such  sensors  are  part  of  the 
airplane  augmentation  system.  Application  of  the  disturbance  model 
depends  on  the  range  of  frequencies  of  concern  in  the  analyses  of  the 
airframe.  When  structural  modes  are  significant,  the  exact  distribution 
of  turbulence  velocities  should  be  considered.  For  this  purpose,  it  is 
acceptable  to  consider  u  and  v  as  being  one-dimensional,  a  function  of 
both  x  and  y,  for  the  evaluation  of  aerodynamic  forces  and  moments. 

When  structural  modes  are  not  significant,  airframe  rigid-body 
responses  may  be  evaluated  by  considering  uniform  gust  or  turbulence 
immersion  along  with  linear  gradients  of  the  disturbance  velocities. 
The  uniform  immersion  is  accounted  for  by  u  ,  v  ,  and  w  defined  at  the 
airplane  center  of  gravity.  The  angular  velocities  due  to  turbulence 
are  equivalent  in  effect  to  airplane  angular  velocities.  Approximations 
for  these  angular  velocities  are  defined  (precise  only  at  very  low  fre¬ 
quencies)  as  follows: 


3w2  3wk  3vg 

-*g  ’  %  “  IT  *  ps  "  ~JT  *  rs  "  ’IT 

The  spectra  of  the  angular  velocity  disturbances  due  to  turbulence  are 
given  in  Paragraph  3.9.2. 

For  altitudes  below  175  ft,  the  turbulence  velocity  components  u  , 
v  ,  and  w  are  to  be  taken  along  axes  corresponding  to  Ug  aligned  along 
tne  relative  mean  wind  vector  and  Wg  vertical. 

3.9.4  Requirements  for  Aircraft  Failure  States  in  Atmospheric  Dis¬ 
turbances  .  When  Aircraft  Failure  States  exist  (3.1.6),  a  degradation  in 
flying  qualities  is  permitted  only  if  the  probability  of  encountering 
Level  2  or  3  in  turbulence  is  sufficiently  small.  At  intervals  estab¬ 
lished  by  the  procuring  activity,  the  contractor  shall  determine,  based 
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on  the  most  accurate  available  data,  the  probability  of  occurrence  of 
each  Aircraft  Failure  State  per  flight  and  the  effect  of  that  Failure 
State  on  the  flying  qualities  within  the  Operational  and  Service  Flight 
Envelopes.  These  determinations  shall  be  based  on  MIL-STD-756  except 
that: 

a)  All  airplane  components  and  systems  are  assumed  to  be 
operating  for  a  time  period,  per  flight,  equal  to  the 
longest  operational  mission  time  to  be  considered  by  the 
contractor  in  designing  the  airplane,  and 

b)  Each  specific  failure  is  assumed  to  be  present  at  which¬ 
ever  point  in  the  Flight  Envelope  being  considered  is  most 
critical  (in  the  flying  qualities  sense). 

From  these  Failure  State  probabilities  and  effects,  the  contractor  shall 
determine  the  overall  probability,  per  flight,  that  one  or  more  flying 
qualities  are  degraded  to  Level  2  because  of  one  or  more  failures.  The 
contractor  shall  also  determine  the  probability  that  one  or  more  flying 
qualities  are  degraded  to  Level  3.  Table  17  specifies  the  requirements 
as  functions  of  the  probability  of  encountering  the  degradation  in  fly¬ 
ing  qualities. 


TABLE  17  (Appendix  B) 

LEVELS  FOR  AIRCRAFT  FAILURE  STATES 


ATMOSPHERIC 

DISTURBANCES 

FAILURE  STATE  I* 

FAILURE  STATE  II** 

Light 

Level  2 

Level  3 

Moderate 

Level  2 

Recoverable  or 

better 

Severe  to 
Extreme 

Recoverable  or 
better 

No  requirement 

For  flight  in  the  Operational  Flight  Envelope: 

Probability  of  encountering  degraded  levels  of  flying 
qualities  due  to  failure(s)  <  2.5  x  10-/f light  hr 

**For  flight  in  the  Operational  Flight  Envelope: 

Probability  of  encountering  degraded  levels  of  flying 
qualities  due  to  failure(s)  <  2.5  x  10“5/flight  hr 
for  flight  in  the  Service  Flight  Envelope: 

Probability  of  encountering  degraded  levels  of  flying 
qualities  due  to  failure(s)  <  2.5  x  10-^/ flight  hr 

Recoverable  is  defined  as:  control  can  be  maintained 
long  enough  to  fly  out  of  a  disturbance. 
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4. 

The 

through 


NOTES 


contractor  shall  refer  to  all  applicable  areas  of  Sections 
4.5  of  the  MIL  Handbook. 


4.1 


1 
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